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CHAPTER Ls 7 
VARIOUS NOTES ON. FUZES, &o. `, / 
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Lt is more difficult to make a slow composition burn rogularly than а 
uick ono, Adding saltpetro and sulphur, and diminishing the amount 
of meal powder, makes fuze composition burn moro quickly. 


A shrapnel shell ought to have a fuze that will burst, at at loast 
} seconds; oven this gives about 100 yards intorvals, 


The 5, 15 and 30 socond fuzes, latest pattorne, can bo burst at ovory 
4 second ; the 9 seconds at evory $ second. . 


Armstrong E, and tho modern timo and porousion fuzo, can bo sot to 
burst at any point, - s . 


Increased atmospheric prossuro makes timo fuzos burn moro rapidly, 
oach diminution of pressure oqual to ono inch incroasos tho timo of 
burning about „th. Now, L inch .is about equivalont to 1,000 foot in 
altitude; theretoro, about 5,000 foot abovo:tho sea the 30 second fuzo 
‘would burn 35 seconds. 


Fuzes that have been kopt long burn slowly, unless tho climate is 
extromely dry; fuzos that had been upwards ofa year in a vory dry 
climate burnt at about tho normal rate, 7,000 feet abovo tho soa, 
Romombor aii data as to guns, fuzes, &c., aro proparod in England, and 
at the sea lovol. 


A good timo fuzo ought to havo the following charactoristics :— 

ist. It must bo regular in lighting and burning. 

204, It must be quickly and easily arranged to burst at various 
intervals of time. 

3rd. These intervals should bo as small as possible, 

4th. Tho “ No. 1” ought to be able to set it aftor it is in the sholi, 

5th. Ho ought to bo able to altor its setting either shorter or 
longer. 

6th, It must коор woll in storo, 

ТШ, It must not be too complicated or exponsive. 
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8th, It must not be liable to give premature explosions or blind 
shell. 

9th. It must ignite instantancously and with tho lowest charges 
that will bo used. 


BLIND SHELL, 
The chief causes of blind shell are as follows :— 
1. From tho fuzo not igniting. 


2. From the fuze being bored too long and being knocked out or 
oxtinguished on graze. i 


3. From the primer of a shrapnel shell becoming covered by a 
foreign substance. 


4, From the hole not being bored through into tho composition, or 
from the fuze being set оп the “ bridge” of a metal ono. 


5. From the shell not being full. 
PREMATURE EXPLOSIONS. 


Prematures aro moro serious than blind sholl, as artillery froquently 
fire over their own troops, and premature explosions would be vory 
discouraging to them, 


PREMATURES DUE TO FUZE. 
1, A fuze improperly bored or set. 
2. A fuze not home from shell being too full. 


8. A fuze of old “common guage” may be too high in gauge, and 
one of the side holes be above tho shell, 


4. An old pattern S.B. fuze without paper lining when the composi- 
tion has shrunk from the wood, 
PREMATURES FROM CAUSES CONNEOTED УЙТИ THE SHELL. 
1, Bad lacquer, iron or grit in tho shell, or in the largor natures tho 
bag being omitted. 
2, From tho shell not being full, 
3. From a weak or defective shell. 


All fuzes aro now mado to the G.S. gauge, and in tho case of tho 
older patterns of ammunition for 7-inch K.B L. guns adaptions havo to be 
used as they are of а large obsolete gauge. "Timo fuzes for rifled guns 
can be used for S.B. guns, but not so with tho porcussion fuzes, 


A wooden time fuze will nearly always act as а percussion on direct 
impact. 
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For field guns percussion fuzes ought to act instantanoously. For 
preaching purposes thoro out to bo a slight delay in tho action so as to 
allow the sholl to penetrate, the “ Direct action” and the new large and 
small percussion fuzo are not quito as quick as tho R,L, fuzos for fiold 
gervice. 


For some vases a fuzo with а delay arrangement of about 4 а 
second will be advantageous, though if the sholl is liablo to glanco it 
would be a disadvantage, 


Tho fuze can be either in tho baso or nose of a sholl. 


A timo and porcussion fuze is now used with tho B.L. guns for it is 
thought if the timo part does not burst the shell boforo graze, it is bost 
to ourst then, as tho shell risos rapidly and its flight is uncortain after 
graze, 


CHAPTER Il. 
CARRIAGES. 


PRINCIPLES OF CONSTRUCTION OF FIELD AnTILLERY CARRIAGES, 
Tho following qualities are nocossary in a field artillory carriage: 


First, and most important, is mobility, for without this, in a high 
degree, field artillery would bo of little use, 


Stability, so that in any movement required, even on rough ground, 
it may not overturn. | 


Strength, durability and simplicity, aro, of course, a great importanco; - 
and convenience of transport is peculiarly necessary for British artillory, 
that has to be sont to each and every quartor of tho globe. 


Mobility is influenced by several things, viz, : 


By the “ traction ” or “draught,” that is, tho powor requisite to put 
it in motion, by its capability of reversing, and by its power of passing 
objects. | A 


It is necessary then to havo tho draught as light ns possiblo, thoro- 
foro the load must bo as light as possiblo, that is, tho gun and ammunition 
being fixed, tho carriago must be as light as possible; and also tho lond ` 
must be properly distributed over the axlos. Tho fore carriago having, 
as it were, to mako tho track, is hardest to drag, thorefore the load ought 
to be rather less on it than on tho rear axlo, At the samo timo, if too 
much weight is thrown on to the rear wheels they will sink, and thoreb 
increase tho weight on tho wholo. Tho two axlos must bo long eno 
to make both tracks exactly tho samo, so that the front wheel prepares 
tho track for the rear. 


Tho diamoter of the wheols must bo а maximum, and tho diamotor of 
the axle а minimum. In order to increase the leverage over friction; 5 
foot has beon selected as tho most suitable, 3 
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Lastly, the anglo of traction must be as favourablo as possible. 


Tho hoight of a horse’s collar being practically fixed, tho only thing 
wo can vary is tho height of tho point of attachment of traces to tho car. 
riage. Wo find about 63? the best. 


The carriago must also bo capable of reversing very sharply, there. 
foro it must be a minimum length, and the angle through which the fore 
carriage can sweop, а maximum, | 


The mobility of a carriage is also influenced by Из роуог of passing 
obstacles. Tho size of wheels and inclination of traces influenco this, but 
аго moro properly considered under tho head of lightness of draught. Tho 
mode of attachment of fore and hind carriage materially atfects this 

wor. The fore carriago should bo able to move vertically about tho 
point of attachment, so that it may movo in that direction, to somo oxtont, 
independent of tho hind carriage. 


| Mobility must be accompanied by stability. 


Stability is influonced by the number of points on which the carriago 
rests, and the position, vertical and horizontal, of the centro of gravity 
with regard to thoso points, 


Tho carriago being lovol, tho vertical distance should be a minimum, 
and the other a maximum, that is, the C. G. should bo as low and tho car- 
riago as wido as possible. 


Stability in reversing is influenced by tho height and modo of connec- 
tion of fore and hind carriages, and the height of traces. When advancing, 
the vertical from О.С. should always fall within tho figure joining the 
points of support, Tho upsetting anglo for tho carriage packed is about 
35°, 


Tho material used must bo tho strongest consistent with lightness, 
It must stand well the effects of shot striking it, rough usage, the action 
of climate, and mast not deteriorate in store, Wrought iron has super- 
ceded wood, being much more durable, and scarcely iy prium for a given 
strongth. It is not so clastic, and hence does not absorb so much of any 
strain put on it as wood, and also it is easily put out of shape; and hence 
there is a loss of strength through change of form, therefore strongor iron 
is used than is absolutely necossary to resist a particular stress, Steel is 
now being used for the latest carriages, 


The carriage should have as fow pre to get out of order as possible, 
and any part should be casily repaired if necessary, and all parts and fit- 
tings should, as far as possible, be interchangeable with othor carriages, 


Carriages should take to pieces and stow away convoniently onboard · 
ship, and the length of carriage should be a minimum, not only for 
motility but to make a column of routo as sbort as possible, 


THE GUN CARRIAGE AND LIMBER, 


Tho present form has been arrived at as fulfilling tho foregoing соп. 
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ditions ; as convoniont for bringing the gun into action; as furnishing a 
stable carriage for tho gun whon in action; as allowing a supply of 
ammunition to bo carried with the gun; and as admitting of а portion of 
its detachment being carriod on it if necessary. 


Wo will now investigate, as shortly as possible, tho various strains 
exerted on the gnn carriage when tho gun is fired. 


. Wo may consider the dischargo as simply producing a strain on tho 
bottom of the boro acting along tho axis of tho pioco. 


We will also consider tho gun as standing on tho levol, and at any 
elevation. 


Tho gun carriage boing symmetrical with rogard to the vortical plano 
through the axis, we may consider all forces to be spoken of as acting in 
that plane. 


„ТЬе single force can be resolved into a vortical and horizontal forco. 
Only portions are transmitted to the carriage dopending, in amount, on 
the weight of the gun. 


A small part of those is transmitted to the ground, doponding on its 
nature, 


These forces wo can see will act at the points of attachmont of the 
gun to the earriago, viz.: Trunnion holes, and head of olevating scrow. 


The horizontal component decreases as the angle of clovation or 
depression increases. 


It exerts itself in two ways, viz.: In recoil, and also in giving a: 
tendency to twist about the point of the trail, Нопсо, to render this 
component as harmless as possible, the opposition to this motion should 
be as slight as possible; that is, tho weight should be a minimum; also 
to reduce the twisting strain the trunnion holes should bo as low as 
possiblo. 


Tho vertical component acts in ап upward or downward direction, 
the former tending to rend tho carriage apart when firod at un anglo of 
depression, and the latter to crush it when fired at an anglo of olovation. 
This tells most on the carriage, especially on hard ground, 


In addition to this, it will, ns woll as tho horizontal component, have 
a tendency to twist the carriage round tho point of tho trail, oithor 
upward or downward, according to the direction of tho force. 


The body of the carriage being supported by tho wheols and tho 
trail, the brunt of this vertical component, if downward, is borno mainly 
by tho axlotree, because the axis of the trunnion holes lies vertically very 
near the axis of the latter. | 


If the vertical component acts upward, tho resistance of tho ground 
is not felt, but tho weight of tho carriage acting downward as its contro 
of gravity, tends to tear the carriage apart. *' 
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When it acts downward, tho resistances of the ground being. called 
into play, they will, in general, be less in total amount than the com. 
ponent itsolf, the differonce varying with tho nature of the ground, and 
being exponded on it. In the samo manner tho ground, by its nature 
and slope, will influenco the recoil, and therefore the amount of the 
horizontal component spent on tho carriago. 


Sometimes it is necessary to chock recoil, resulting in an extra strain 
on the carriage. ; 


Tho trunnions have some play in the holes, and consequently the 
gun rests on points lower than tho axis of the picco; and, consequently, 
the force of discharge has а momont with regard to tho bearing points, 
which is borne by the screw, and through it to the trail, This portion of 
the trail has to be extra strong. 


The scrow has also a strain thrown on it, by the tendency of tho 
whole &ystom to twist round tho centre of gravity, and to tho reaction. 


In guns, such as the cast iron or bronze guns, that havo tho axis of 
tho trunnions below tho axis of the picce, thoro is a greater strain thrown 
on tho screw and trail, for the blow on tho bottom ot tho bore acting along 
the axis has a greater moment round tho bearing points of the trunnions, 


MATERIALS USED IN THE CONSTRTOTION OF CARRIAGES, &C. 


First, wood. Whon a treo is cut across we seo tho woody fibro 
кта round the centre in regular rings, each roprosonting а year’s 
growth, the more solid interior is known as heartwood, the younger 
- portion, noxt the bark, is sapwood, 


Timber should be freo from tho following defocts, viz.; “shakes” 
radiating from the centro; “cup shakes" or cracks between the 
annular rings; “ upsets,’ where the fibres have been crushed by com- 
pression, “ Rind Galls” or wounds received in ono of the older layers 
when young, and grown over in subsequent years. “Dead knots," wheoro 
a branch has been eut off and its root decayed. “ Hollow or spongey " 

lacos proceeding from decay. Timber, especially elm and ash, is apt to 
be “doated” from lying in wot; this dofect shows as yollow spots in the 
wood when sawn. 


In good timber, as а rulo, tho fibre will adhere firmly together, and 
will not look woolly or clog the saw when cut. When froshly cut it 
жүн to look firm and glistening, а dull chalky look is а suro sign of 
bad timber. 


The closer the annular rings are togother tho better as a rulo will 
the timber be. 


Planks cut from a log will always warp away from tho centre of the 
original tree. 


The plank cut oxactly through the contro will shrink but not warp. 
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The chief British woods used in tho R.C.D. aro oak, ash, olm. and 
beech. 


Oak is tho strongest, toughost and most lasting, It, howevor, con- 
tains an acid, which corrodes iron in contact with it, 


Ash is tough and romarkably olastic. It is usod for shafts, hand- 
spikes, folloos, &0. It doos not stand weather woll, and is vory liable to 


suffer from worm. 


Elm is a vory cross-grained tough wood, therefore it doos not splinter. 
It is also very durable undor constant wot. 


Bocch ів а hard, strong wood, but doos not stand exposure, 
The following foreign woods are used :— 


African oak is stronger, heavier and darker than English onk, for 
which it is uscd as a substitute. 


Sabicu is oxccelingly strong, heavy and durable. It is used for 

arts where rubbing action may be oxpected and weight is no object, 

such as the blocks in a rear chock carriage, bollard, &0. It is grown in 
the West Indies. 


Teak, ап East Indian and African timber, It possossos gront 
strongth, toughness and durability, but splinters roadily. 

It contains an essential oil that keeps ой insects, 

It is used for work for foreign stations, 


Mahogany is of two kinds, “ Honduras," from Contral Amorica, and 
, * Spanish," from Cuba and other West Indian Islands, 
It is strong in all directions, and keeps its shape under trying cir- 
cumstances, ав to heat and moisture, 
Honduras is lighter and inferior to Spanish. 


Pine is soft, light and olastio, and is of sovoral kinds. 


Pine proper, from tho Scotch fir grown in Norway, Sweden and 
North America, It is red, yollow or white, Yellow alone is used for the 
intorior fittings of waggons, 


“Deal” is either whito or yellow, It is tho produce of tho Scotch fir, 
and is used for ammanition boxes and tho boarding of waggons, 


Larch is a strong and durablo but knotty timbor. It is only usod 
for “ uphers," ог small troos for ladders, &c, 


Deal, sawn up, is olassed as “planks,” “deals,” and “battens,” 
according to width, viz.: 11, 9 and 7 in, 


The contents of a log aro computed, if of oak, olm, or foreign wood, | 
by square measure; if ot ash or beoch, by round measure; boonuso in 
thoso tho outer layors aro sounder and botter than tho innor, 
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Round measure is thus taken jane} X length in 


feet = contents in cubic feet. 


Square measure. Mean width X mean depth X length (in foot in 
each case,) = contonts in cubic feet. 


Scasoning timber is expelling, as far as may bo, tho natural moisture 
in its pores, this is done either naturally or artificially. 


In natural seasoning the wood is cut into planks and exposed to tho 
air, sheltered from rair and high wind, Tho time required in England 
is one year for each inch in thickness. 


Artificial seasoning is done by subjecting the timbor in a chamber to 
a curront of hot-air or steam. 


This is much the quicker process but it makes the wood more brittle 
and less durable than if naturally seasoned. 


METALS, 


Iron is received by contract in the form of girder I, teo Т, angle L. 
round, squaro, flat, and plate iron. Itis tested in various ways, as to its 
power of being bent into various shapes, both when hot and when cold. 


Round, square and flat is bar iron of that section, 


Plate iron has to stand bending when cold, through cortain angles, 
according to its thickness and whother it is bont with or acioss the grain. 


Plato of any thicknoss must standing, when hot, 120° with grain, and . 
90° across it. 


Both bar and plate iron must stand a strain with the fibro of 22 tons 
(English) por square inch, and of 18 tons (English) against the fibre. 


‘Malleablo cast iron is a term applied to castings of certain iron, 
which, by an after process of annealing, becomo a sort of stool, It is 
very tqugh and refuses to weld. 


Stool is received as “blister,” “shear,” and cast stool, and tested 
practically as to its qualities. 


a are two principal alloys made use of, all technically known as 
motal. | 


Copper, wi | For pipe boxes and sheaves of blocks. This is tho 


(1) Tim 12. hardest, as it contains most tin, 
Zine, 8 À 


Copper, 86.5 
(2) Tin, . 10.83} For rollers. 
"^ Zing, 2.68 
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Соррог, 84.2 
(3) Ts i 4 For bearings and nuts of elovating scrows, &с. 


Lead, 2.62 


Tho usual method of preparing the alloy is to melt all tho tin, zinc 
and lead, with a small proportion of copper, and cast this into ingots. 
Those ingots are broken up and melted, and the rest of the copper added. 


LEATHER, ROPE, 40. 


Tho leather used is tanned with oak bark, and not by chomicals. То 
provo this, cut а small piece and moisten the edge; a black mark down 
tho centre denotes chemical tunning; a brown colour shows oak tanning. 


Well tanned leather must not crack when doubled up. 


Leather must be periodically dubbed, being first well cleaned. If in 
uso, overy three months. If ia store опсо in two years, 


Dubbing consists of, train oil, one quart; neatsfoot oil, 4 quarts; olivo 
oil, 2 quarts ; tallow, 13 lbs. This is a most useful receipt. 


Tho chief descriptions of leathor are: “ Hidos,” from oxen or cows; 
“ gtrapback,” for strapping ; “ bellows,” for bellows of forges (these аго 
dressed in oil;) “mill band backs,” for bands’ of machinery. Also 
“ basils,” from sheep skin, for the insido strapping of boxes, -` 
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ROPE, “о. 


A горо із formed of threo strands, oach strand of а number of yarns, 
and each yarn of а numbor of fibres of hemp. ` Rope is either white or 
tarred, and of differont sizes, according to tho numbor of yarns, Tho 
sizo is oxprossed by tho circumference іо inches, 


| PAINT. 
Lead paint is used for woodwork, цз it gives a better body than zinc. 


For iron carriages Pulford's black is used, painted ovor in field 
carriages with lead. 


All new articles recoivo threo coats, 
Iron must be cleaned beforo painting. 


Hard stopping is used to stop “shakes”; is mado by mixing dry 
whito loud with gold size, 1 Ib. of tormor to 1 gill of lattor., it is botter 
than putty for largo cracks, 


Patty for cracks is mado of 1 cwt. of common whitoning with 2$ 
- gals, raw linseed oil, 


Varnish made of equal parts of boiled oil and copal varnish; is usod 
for the heads of side arms, for rifled ordnanco, &о, 
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Ordinary water proof composition is made of lamp-black, 24 Ibs., 
lithargo 13 oz., boiled linseed oil 744 lbs., beeswax 11 oz. 


To preservo bright iron work, mix 3 lbs, tallow and 1 Ib. white zinc, 
and it will preserve bright iron from rust. 


WHEELS AND AXLETREES. 


A wooden wheel of the old construction has a stock or nave of elm, 
12 spokes of oak, and 6 felloes ot ash. A cast iron pipe-box is fitted into 
the nave, and the hollow passing through it is enlarged in the middlo to 
hold grenso, so that tho bearing surfaces extend only to 3 inches from 
each end; the nave is strengthened by two nave hoops. 


Wheels are made with a dish or inclination of tho spokes outwards, 
to enable thom to withstand the lateral thrust that they may be sub- 
jected to in passing over unoven ground, when one wheel is often much 
higher than tho other, in which caso a pressure is exerted on the nave of 
the lower wheel, tending to force it outwards; the dish is usually about 
3 in. for 1 ft. in length of spoke, boing 24 inches in О.Р. and 2 inches in 
N. P. wheels. 


The tiro of tho wheol of the wooden artillery carriage now in tho 
servico is composed of 5 short pieces of iron called streaks, each of which 
is placed over the junction of 2 felloes, and secured with 4 bolts and 2 
nails; by using a streak instead of a ring tiro a wheel can bo repaired in 
the field, for as the strenks aro of small size, thoy can bo transportod 
. With a battery, and heated in the ordinary field forge. 


Tho new pattorn wheels have metal naves and differ from the above 
in several points, Tho metal naves consist of three principal piecos, 
viz , two flanges and a pipe-box. 


Tho flanges of tho wheels, Пао to como undor firo, aro mado of gun 
metal, the others of wrought iron, 


The pipe ох is of phosphor bronze. Internally, it is conical in 
shapo and enlarged towards the middle to form a grease chambor, and 
has grooves cut in tho bearing surfaces for tho samo purpose. Externally, 
its surface is two conical frustra, base to base; ono base is larger than 
tho othor, forming a shoulder for the iunor flange to rest against; a 
wrought-iron feather is let into the end' of the pipe box on which tho 
inner flango fits, groovis being cut in each for it; this prevonts tho pipe- 
‚ box turning in the wheel, 


The flanges aro of softer metal than tho pipo-box ; tho outor flange is 
so formed ав to give tho propor dish to thu spokes, Tho flanges origin- 
ally wero made to overlap the pipe-box, во that a recoss was formed for 
the shoulder of the axletree and for tho washer. However, by late 
ordors, these shoulders are to bo cut off both axletree and washor and 
rings of iron are issued to replace them where requiroo. This is necossary 
because the Indian wheol has not got its flanges overlapping its pipe-box. 


The flanges aro secured by triangular wrought iron bolts botween 
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h pair of spokes, thoy аге nutted inside, Wodyes of wood fit over tho 
se creer the spokes to Көөр out tho wot, ы . 


Tho pipo-box is 10 i nchos long, that is, 3 inches shorter than tho old 
attern, and in consequence O.P and М.Р. wheels are not interchangeable, 
‘The spokes аго of oak and the felloes of ash, 


In tho field whool, tho ring tiro is 3 inches wide, and § inch thick, 
and is secured by six bolts, with nuts and collars, one bolt passing 
through tho middle of each felloe. In the siege whool tho tiro is formed 
of two rings of tho same size as that on the field wheel, shrunk on sido by 
side, and each ring is secured to tho folloes by six bolts, the bolts being 
placed diagonally across tho felloes. х 


‘Tho wheels of carriages for all sorvicos, not exceeding 3 inches in 
breadtb across the solo of the felloe, will in future manufacture be shod 
with ring instead of streak tiros. 


The track of wheels is the distanco from the outside of one to tho 
outside of the other; it is 5 feet 2 inches for tho wheels of field carriages, 


Wheels aro divided into four classes, tormod siege, fic'd, general service 
and naval wheels; thore are sevoral wheols in each class differing in 
weight and diameter, but all in a class havo the samo pipe-box, and will 
therefore fit on the samo axle-tree arm. 


Wooden travelling. carriages hitherto made for our sorvico have 
wrought iron axle-trees lot into wooden beds; tho axle-tree bod is fitted 
underneath the brackets and trail by hous'ngs, and is attached to tho car- 
riage by two axlo-treo bands, baving bolts passing through them and tho 
brackets. ‘The axlo-treo i8 also secured at each end of the bed by a yoke- 
hoop and coupling plate; the hoop can be tightened by scrowing up the 
coupling plate, in case the wood shrinks. "Tho axle-treo bods for iron car- 
riuges will be described, Ihe axle-troe arms havo a slight inclination 
downwards termed the hollow of tho arm, so that the lowest spoke of oach 
whool may be vertical; if a wheel has no dish tho hollow of tho arm is not 
required. Tho arm has also a very slight inclination forwards called tho 
lead; the hollow and lead together are termed the set of tho arm. Tho 
bearing surfaces of tho arms of axlo-troos for whoels having cast-iron 
pipo-boxes are steeled, to prevent wear. 


Axle-troes aro, like wheels, divided into four classes, named respec- 
tively siege, field, general service, and naval service axle-troos; euch class 
contains several natures of axlo-treo, but all those in a class have arms of 
the same size, and only ditfer ia the amount of motal botwoon tho arms; 
tho similarity in the arms allows of an interchange of wheels whon 
required, 


WOODEN OARRIAGES, 


Up to a recent date all carriages wore of wood, of tho form known as 
block trail, previously thoy had bracket trails, but they were moro 
clumsy. 
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Thore aro many wooden carriages both field and siege at present in 
the service, the Armstrong R.B.L. guns being mounted on them, 


Tho following, а 12-pr., is а type of them all, there aro 6-pr., 9-рг., 
12-pr., 20-pr., 40-pr. and 64 pr. carriages, also mortar beds of a different 
construction, 


Tho 12-pr. gun carriago consists .of the following principal parts, 
namely: the trail, two brackets, the axlotree, axletree bed, and wheels, 


The trail is of oak, usually in one piece, but sometimes in two joined 
longitudinally ; it is fitted with a trail plate with steoled oye for attach. 
ment to the limber. The brackets aro of oak or elm, attached to the trail 
by dovetailed housings and by three bolts. Tho axletree bed of oak is 
housed both into the trail and brackets, and is secured by axlotree bands, 
which, together with yoke bands and coupling plates, also hold the axlo, 
tree in the bed. The axletree is the field axletroo, giving tho whools. 
which aro the О.Р. light field, a track of 5 feot 2 inches. 


Tho carriage is fitted with a traversing arrangoment, which consists 
of 1 metal saddle carrying the gun in trunnion holes, and secured by cap- 
squares. This saddle slides in dovetailed slots in the trunnion plates, and 
is traversed by moans of an iron lover pivoted upon the trail, The lever 
is worked by a traversing screw resting in bearings on tho brackots, and 
fitted with a hand wheel. Iron cleats or stops are fixed upon tho trail, 
and allow of 14° right or left doflection being given to the gun. 


The other fittings of tho carriage aro a socket or pan for tho clevating 
screw, а chain with hook for securing tho gun in travelling, breast chains, 
trail handles, locking plates, jack platos, and also fittings for carrying side 
arms, axlotreo boxes, drag shoo, and small stores. 


The articles belonging to the carriage are an clovating scrow; sido 
arms, axletreo boxes, and a drag shoe with chain. Tho screw is that 
known as tho “ ball and socket” pattern; it is attached to the gun by a 
bolt and pin, and worked by handles on a wrought-iron collar fixed toa 
metal nut, which is in the form of a ball. 


Tie axletree boxes are fitted to carry oach two rounds of caso and 
some small stores. 


The limber for the gun carriage consists of a framowork formed by 
an axletree bed and block of elm, a splinter-bar and three futchells of ash. 
A platform board of ash, and footboard of elm are secured over tho front 
of tbe futcholls, and a slat of ash to fill the spaco between the splinter-bar 
and the footboard. To the back of tho block a limber hook is bolted. Tho 
axletroo and whcels are the samo ая in the gun carriage, tho former being 
secured in the bed by bolts and by yoke bunds with coupling plates. The 
limber is fitted for draught, for carrying ammanition boxes, entronching 
tools, &c. 


Tho articles belonging to the limber are threo ammunition boxes, 
“ near," “ off,” and “ contre,” with a canvas cartouch for oach of tho two 
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first mentioned. Tho near and off boxes carry oach 17 rounds of ammuni- 
tion. . 


The ammunition waggon consists of a perch, two sides, and throo 

latform boards of ash, two footboards and an axlotree bod of elm, two 

fluted boards of teak, together with axletreo and whools, the same as in 
the gun carriage. à 


The perch and sidos, each of the latter strengthened by an iron plato 
along its outer surface, and tho former fitted with a noso plate with 
stooled eye for attachment to the limber hook, are housed across and 
bolted to the axletreo bed. The axletreo is secured in tho bod by bolts 
and by yoke bands with coupling plates, Tho boards aro fitted across tho 

orch and sides, tho fluted boards being placed botween the platform 
boards for the ammunition boxes to rest upon, 


The waggon is fitted with an axlotree arm block of sabicu, shod with 
iron ovor the front footboard and front platform board, together with an 
elm block on tho porch for carrying a sparo wheel; tho fittings for 
securing the boxes aro similar to those on the gun limbor, 


Tho articles belonging to tho waggon aro six ammunition boxes, 
four canvas cartouches, four under boxes, a drag shoo with chain and 
sparo lashings. The ammunition boxes are idontical with those of tho 
gun limber, oxcopt tho contre aro shorter and slightly difforent shapo to 
tho centre box of the limber. The under boxes аго ono for groase and 


four for horse shoes. À 
Зо, 


Tho waggon limber is tho samo as tho gun limbe?; it has tho lottor 
“u W” painted upon it for distinction. e, i E p 


The 9-pr. gun carriago is not fitted with a travoreing arrangomont, ы 
The carriages, limbors and waggons for tho 9-р; and `20-рг; differ 
only in dotails from above, tho 20-pr, taking the hoavy whool, 


, 
Tho бр . has а servico carriago similar to above, but wheels only 
4 feot 2 inches in diamotor, track 3 feot 10 inchos, the limber aud waggon 
matched, their boxes being difforent. 


It had also a carriage of usual height called Kaffraria, fur use in tho 
high grass in thoso parts. 


_ ' Tho 40-рг. and 64-pr carriages аго hoavier and havo two sots of 
trunnion holes and no uxletreo boxes, it and its limber havo tho heavy 
siego wheels, 


IRON AND STEEL CARRIAGES, 
(See Morgan's Handbook.) 


Iron or steol has taken the placo of wood in the construction of all 
modern carriages, both for fiold and siege guns. Е 


For field and mountain service thoro аго sevoral natures for tho 7-pr., 
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2-5 inch, 9-pr., 13-рг. and 16-pr. В. M. L. guns, with their limbers and 
waggons, Also for tho 12-pr. B. L. guns. 


For siege guns there aro carriages for tho 25 and 40-pr., and for tho 
6:6 inch gun. 


The carrisgo for tho 40-pr., with some slight altorations, servos for 
tho 6:3 and 6 6-inch howitzor. 


The 8-inch howitzer has a soparate carriage ; those latter aro dos. 
eribed in Morgan’s Handbook. 


Besides these there are various ammunition, forage and storo 
waggons and carts, &, 


We will now describo tho latest pattorn of tho 9.pr. carriage, as a 
typo for the rest, 


Mark П, is tho latest pattern. It will take either tho 6 or 8 cwt, 

un, 16 is formed of two bracket sides, connected by two transoms, 

two collar bolts, and a trail pioco; an axlotreo bed with axletree, and 
field wheels of latest pattern, with gun metal naves. 


The brackets are formed of iron plate rivoted to tho inner sido of a 
frame of angle iron of the required form, specially strong at the trun- 
nions. 


Tho transoms are of plato iron. 'Thoy have angle iron riveted to 
them, by which they are rivetod to sidos and bed. 


The collar bolts connect tho brackets between the transoms and trail 
thoir collars keoping it rigid. 

Tho trail piece lies between the brackets nt the point, and rivots pass 
through the whole, This pieco ends in an oye, to go on to tho limbor 
hook, and is steeled to prevent wearing. 


A bearing piece of steel is bolted under tho end, and a plato is bolted 
abovo to prevent damage, if the. limbor is drivon over it. 


Tho axlotreo bed is of wrought iron, and forms, with tho axle, a beam 
of box-girder section, 


Tho axletree forms tho bottom of the box, a picce of arglo iron 
rivetod along each sido of tho body tho sides, while tho top' is formed by 
a plato rivoted along tho m sides of the angle iron pieces. The wholo 
is fixed into recesses in tho brackots, whore it is secured by being riveted, 
to tho frames of the lattor, by angle iron stays rivoted to itself in rear 
and to tho frames, and by tensile stays, from tho shoulders of the axletroo, 


to the same, 


A strengthening plate is rivoted on the inside of each? bracket, ох- 
tonding from the bed to the roar transom, 


Tho carriago is fitted with onpsquares and keys, motal sockets to 
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ivo tho trunnions of tho elevating gear, a handspike ring, trail handlos 
ise plate, and a lot of other small fittings. i x | 


Tho clovating screw, which is known as the Whitworth pattorn, 
ig attached to the gun in tho usual way by а bolt and is worked by 
a metal nut through which it passes. Bevel teeth aro cut upon tho lower 

t of the nut, into which a bevel wheel upon a horizontal spindle gears, 
The nut and bevel wheel aro contained іп a wrought-iron box, having a 
trunnion upon each side, by which it is supported and can oscillate 
betweon tho brackets. Tho lid of the box is secured to tho bottom 
by four long scrows and has a lubricating hole in it for oiling tho 
bovel wheels through, which holo is filled by a motal screw to keop 
dust and grit out; а drip hole is made in tho bottom and tho 
interior is coated with red lead, The spindle of the bovel wheel passes 
through а motal bearing or bouch in tho trunnion of the box, and upon 
its extremity outside tho right bracket of the carriago has a motal hand 
wheel, by which it is worked, То remove tho box from the carriago tho 
lid has to be taken off, the pin holding the spindle pulled out, and tho 
spindle withdrawn. "l'ho second transom of tho carriago has thon to be 
removed, after which the bolts of the sockets being takon out, the box 
with the sockets can be moved to tho front, and the formor freod from 
the latter. - 


Tho axlotree boxes are arranged to carry two rounds of caso and 
small stores, ‘he lid sorves as а soat whon required, "l'ho boxes form 
seats, with backs and foot rests, 


Tho limber is also chiefly of iron, It is formed of threo futcholls, a 
splinter bar with two stays, a platform board, a slat, an axlotroo bod with , 
limber hook, axletree and wheols. 


The splinter bar is of plato iron, bolted to the futcholls, and 
strengthened by a stay of round iron from tho oxtremitios to tho axlo- 
treo bed. 


The axletroo bed is dooper, but of lighter construction than that for 
tho gun. Tho futchells of the iron aro let into the bed, below tho top 
plate. 


The limber hook has three long aims, by which it is riveted to and 
also held at the proper distance from tho rear o1 tho bod. lt is stocled. 


The platform board of ash, and foot board of elm, are placed on top, 
and fastened to the futcholls, Tho slat is placed in front, botwoeon Ще. 
splinter bar and foot board. 


Tho shafts are tho field shafts off and near, of ash. Tho off shaft 
has the part betwecn splinter bar and axletrco of iron, to give room for 
the wheel to work, it being ínstenod for ordinary draught outside tho 
wheel, The limber is fitted for either single, double, troblo or bullock 
draught. Tho shafis are placed in tho contro tor singlo and troble 
draught, swinglo-trees being used in tho latter caso. А polo is usod for 
bullock draught, fixed in the contre, 
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Tho three limber boxes, “ off,” * near " and “ contro," are fastened to 
the framo by straps. Tho off and near aro similar; each contain 18 pro. 
jectiles standing in trays, thoir heads fitting into blocks in the lid The 
18 cartridges are in the centro in а convas cartoucb. Four extra projec. 
tiles can be carried under the trays, and 4 cartridges in tho cartouch, 
The lids have small stores fitted into straps. The contro box contains 
fuzes and tubes, Each box has а hand strap for a gunner to hold on by, 
and outside there are iron guards for the same purpose. 


Tho waggon consists of perch, sides, two platform plates, axlotroo, 
&с., as n bove. 


The perch is formed of two brackets, in а somowha* similar manner 
to tho trail of a gun carriage, connected by а porch pioco with stoeled oyo 
and collar bolts. Tho brackets are of channel iron, the channel boing 
turned outwards. 


Tho perch lies across tho top of the bed, each brackot being rivotted 
to it by angle iron. 


The sides of the waggon are of angle iron resting on tho bed, to 
which they aro rivetted. Tho platform platos are rivetted to perch and 
sides. The boxos aro similar to thoso of limber, | 


The limbor is identically the same as the gun limbor. 
Tho waggon is fitted to carry a spare Whoel. 
The other limbors and waggons differ only in dotail. 


Tho 16-pr. carriago is strongor and wider in the brackots.than tho 
9-pr. The limber and waggon is the samo, each box carrying 12 rounds 
of ammunition. 


Tho 25 and 40-pr. carriages aro similar, only stronger, 


Я мы description of 13-pr. and tho siego carriages see Morgan's Напі. 
ook. 


The recoil of а 12-pr. B.L. gun is so oxcessivo that moans havo to bo 
taken to absorb a largo portion of it, Experimental carriages with 
springs, brakes and hydraulic buffors aro under trial. 


This bed for the 7-pr. of 200 Ibs. consists of two brackots of plato iron, 
secured toa bottom plate; it has д transom in front and angle iron in 
rear. Upon each bracket there isa handle, lt is clovated by quoin, 
For uso tho carriago is secured by bolts to a small teo shaped platform. 


MOUNTAIN OARRIAGES, 


Tho ordinary carriage is tormed of two singlo plate brackets, strongth- 
опей by angle iron: long tho outside top edge, and secured to uxletreo by 
clip plates and bolts, The brackets ure connected by two transoms, and 
trail eye piece. 
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Tho olevating arrangoment consists of a sliding quoin, wo 
band wheol and scrow. It rests botween the brackets and can pc 
to three soparato height. The wheols aro ordinary make, 3 feot in 
diameter. Check ropes are supplied to fix round trail oyo and wheels, to 
chook recoil. : 


This carriage is similar in height and track to the 9-pr, 
lighter construction. pr., but of much 


The elevating is done by an arc attached to cascablo, 


Tho limber, when used, is of light construction, and i 
loather limber boxes, Е , and carrics two 


The Kaffraria pattorn is similar to 9-рг. and oach box oarrios 30 
rounds. . 


Tho Gatling gun carriage is similar in mako to tho 9. 
lighter, and thore i8 no axlotreo bed. рык 


Tho axletree boxes each hold a drum of oartridgo { 
covored with Bessomor stoel, bullet proof, form a n a ed Tue 
mont. Tho limber is as usual, and carries two boxos, protected top and 
front with steel. Опо box carries four drums, the other two S. A 
ammunition boxes. . 


Tho numorous other 8014 and siego carri of al 
mentioned here. E ages of all sorts need not bo 


STANDING AND SLIDING CARRIAGES, BEDS AND PLATFORMS, 


(See Morgan's Handbook.) 


Tho carriages for garrison ordnance have no whools, and a 

D ro not 
thereforo pe e E tg rra of the guns, for which в separate class 
of carriages, including sling and platform wagzous, &o. is o , 
'l'here are three doscriptions ot garrison ieu vizi mployed, 


Common standing, Reur chock, Sliding. 


Tho first and last are made both of wood ; 
rear chock of wood. od and wrought iron, tho 


The following principles should bo observed in tho construction of a 
garrison carringo:— 


1. Tho height of the carriage must depend upon tho officiont work. 
; ing of the gun. 


2. Tho carriage must be so constructed that it may be onsily run up 
эг back, traversed, or moved from one embrasure to another near it, 


~ 3. Tho carriago should occupy as little spaco as possiblo, for it ma 
„exposed to onfilado or ricochot fire; and, ene n it is desirable A 
1 ч the availuble space that cun be obtained within the battery and 


` 


| 
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under covor for the conveyance of ordnance, stores, &0,, from ono part, 
the works to another. 


The material of which tho carriage is composed must be capable, 
withstanding tho oxposure to tho various changes of the atmosphere f, 
a considerable period, as, cxcept whon in casemator, the carriages aro y, 
under cover. 


With guns of over 4 tons, the slope of the platform is not alone ви еј 
to limit the rocoil, and it has beon found necessary to check tho moti, 
ot the carriago by moans of а compressor, which, by acting against i} 
platform, causcs the resistance requisite to absorb the recoil, ‘here g 
various pattorns of comprersors, | 


The common standing curriages, when made of wood, ато composed é 
two brackets, connected together by a transom, two bolts, опе passi 
through the transom, and two wooden ax'etrees; thoy arc not mounted p 
wheels, but on small tracks, 


Mortars are not, like guns and howitzors, mounted upon carriagy 
for, being fired at very high anglos of olevation, a carriage having whoa 
or trucks would not be capable of withstanding the shock of tho di 
charge, tho vertical strain from which is so vory great, Beds of wood q 
iron of simple construction are therefore employed, the wholo longth ; 
the bed resting on and being supported by tne platform. A mortar b 
is provided with а quoin, upon which tho pioco rests, usually at an ung, 
of 45°, and also with bolts on oach side, both in front and rear, for th 
convenience of running the mortar up or back; for siege purposes the, 
have a short trail, and are placed on wheels, for convonionce of transpor, 


OARE OF OARRIAGE, 


Wheols should not be allowed to stand in tho samo position too lon 
and should often be oxamined, 


Swelling of the wood is certain to moan decay. 
The surface may be sound but tho rot bo undornoath. 


Any cracks in woodwork should bo filled in eithor by strips of woi 
if large or by putty. 


All carriages should be kept well painted and undor cover wher’ 
possible. i 


Wooden carriages should bo closely examinod at each side just 
behind the brackets, where thoy may crack, 


Small decayed patches must be cut out and all shakes or cracks fille 
in, 


The axles of iron carriages are apt to give just under the brao) : 
and the clevating gear sometimes givos way, | 
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When iron is repainted it has to bo woll scraped if rusty, and 
washod with turpentine ЇЇ greasy. 


Any bright iron of carriages in store must be covered with grouse 
to prevent rust. 


Whon in use axles must bo kopt well greased and the pipo-boxes froo 
from grit. 


CHAPTER III. 
ARTILLERY FIRE. 


(lug PnursorPLES OF SIIRAPNEL Fire ESPECIALLY WITH ВЕРЕВЕМОЕ 
то FIELD ARTILLERY AND THE 9-pn, В. M. L, Gun, 


For many years after tho introduction of rifled shrapnol there wore 
many diverse opinions as to the means to bo employed to got tho best 
possible results, under tho mauy and various circumstances whore it is 
used. 


Tho chief ronson of this diversity being that its action is in many 
ways very different to that of spherical Shrapnel and of segmeut sholl, 
and this was not at first undorstood, 


ln the former the bursting chargo at the moment of opening was 
nover in а definite position as regards the bullets, und, moreover, tho 
angle of descent was usually greater than with a rifled projoctile, at the 
ranges used. а Е 6? 3: 

With segment, tho chargo being in tho contre, caused a groat sproad 
to be given to the segments, which wero of thomsolves of a bad {ога for 
maintaining velocity. «4 x d 


The main purpose of shrapnel ів, with a sholl of а certain weight, to 
cover a given area with as effcetive a bullot fire as possible. As an exam. 
ple, а gun firing ono round of solid shot nt a live extended would but 
kill оро man, whereas а well managed Shrapnel! might disable trom 19 
to 23. 


It must bo noted that tho question of spread is very important, as 
also power. 


For thore is on recond a certain sholl that gavo 121 hits in a vory 
small space, of these only 5 wore cousidered ollectivo, and only 2 mon 
woro considered disabled, showing insufliciont power and spread. 


Suppose а 9-pr. shrapnel be exploded when at rest on level ground, 
tho head and bullets will bo found about 35 or 4U yards in front tho 
splinters to right and left about the same distance und the base about 50 
yards to the rear. 


Any effect thon produced by the shrapnel is clearly duo simply to 
the velocity of tho shell at tho momont of openiag, which tho bullots und 
splinters retain, the bullets being by far the most important, 
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When tho shell opens the bullets would continuo with the samo volo. 
city as tho shell and in parallel lines if it woro not for: 


Ist. ‘Iho disturbing force of the bursting charge. 

2nd. Tho centrifugal force imparted by the rotation of tho shell, 

3rd. Tho greator loss of velocity which they experionco being smaller 
and of not such good form as the original shell, 


The first cause may be neglected, 


When once free the bullets, from the second cause, gradually and 
regularly spread and form a cono. 


Tho angle of this coao has been calculated and found to agree well 
with practical experiments, 


Now the velocity of rotation practically remains constant, that of 
translation diminishes with the range, and in consequence the anglo of 
the cone incieasos as tho rango increases, 


It is probable that the following is about correct: 


Under 600 yards.........7? ^ 2,000 to 2,500 уагав.........10° 
500 to 1,300 « .........8? 2,500 to 2,800. « „.......11° 
1,300 to 2,000 « MNA: 2,800 to 3,000 “ *stetatvot 12. 


With regard to the third cause, although as the distance between the 

int where Shrapnel are, as a rule, burst and the object is small, it may 

o practically neglocted, still as the bullets begin to drop at опсо in large 
distances tbeir fall would be great. 


Practically the centre or axis of the cone is but little bolow the 
point whore tho shell would strike; in fact, at 900 yards u sholi burst 
150 yards short, has the contro of its cone only 13 feet below the tra. 
jéctory of the shell; at 2000 yards, and 80 yards short, only 2 fect, and in 
consequence the drop may be disregarded, 


We have to consider with regard to this cone of dispersion— 


Ist, Its diameter at different: parts, for this gives us tho breadth 
of front it covers, 


2nd, Its area at different lengths and; the number of bullets and 
splinters in such area. 


8rd, Plan of ground covered by effective fire, especially with 
pp Sri to length from front to rear, as offecting its action on 
a column. 


4th. Effoct of height of burst above plane. 


5thi Power of bullets at differont distances from burst; when tho 
shell is travelling with different velocities. 


From these considerations wo find how and where to burst a shell, 
having rogard to the work to be done. 


As to first. It may be considered near enough to say that for 
ordinary ranges tho cone of dispersion is from 8° to 10°, and the breadth 
from 14 to ‘17 of its length, Example: —Say а shell is burst at 2,000 
yards from а 16-pr. R. M. L. gun 80 yards from tho targot, at the targot 
its spread would bo 80 X "17 = 13:6 yards, 


2. The area is, of course, а section of the cone at any point at right 
angles to the axis, and it is found that the bullots and splinters аго fairly 
evenly distributed over this surface, 


As it is known that tho number of effective picces of а 9-pr. Shrapnel 
are about 85, and of а 16-pr. 136, it is easily to calculate tho numbor that 
ought to strike an area equal to a man, ostimated at 10:5 squaro feet, at 
the various distances, ` 


Wo will find by tho following tablo that, suppose а sholl burst at а 
range of about 1,000 yards and 20 yards in front of a man, tho 9-pr. would 
put 16, and the 16-pr. nearly 25 bullets into him. Thisis waste of power 
and shows us tho necossity of arranging our bursting point so as to do the 
most possible damage, one bullet being quite enough asa rule to knock 
tho fight out of a man, 


It will be found that a 9-pr. shell if burst at about 1,000 yards 
would give the following results, its angle of dispersion being about 8°, 


LENGTH FROM Burst їм YARDS. 


2 40 60 80 100 120 140 160 180 
84 168 22 336 42 504 588 672 75:6 
ass № H 55 98 5: 
No. of pieces, per ва ft... l6 4 17 "1. wy "043 03 024 02 
А.16рг К.М. 25 62 “26 16. "1 А *06 £ 
420 107 *46 US 17 12 *08 "06 


In practical work many bullets ricochet and aro still vory effective. 
This depends upon tho distance the burst is from tho objoot, and tho nature 
of the ground. 


These have all to bo added in practico; thoy can bo, howovor, easily 
ealoulated. 


The following table gives a good idea of the result of bursting & 
shrapnel at various distances in front of a target 6 foot high, at 800 yards, 
from а 16-pr. field gun: 


AOTUAL PRACTICE. 


Burst shot, Area covered. Direct hits. Ricochets. Propn. effective Men 
ва. ft. onricochet, disabled. 


50 yds. 126 54 21 22 
100 yds. 252 25 15 25 
150 yds. 378 14 9 17:4 
200 yds. 504 12 2 19 


From theso and similar results from tho 9-pr. wo вое that in firing at 
an oxtended form it is best to burst about 80 to 100 yards short at a rango 
about 800 yards, 


At longer ranges shrapnel must be burst closer, bocause. 


24 
(1.) Tho velocity and powor of tho bullets is less. 


(2) Tho anglo of descent is greater, being from $ to $ more than 
angle of ascent, and ricochet less effective in consequence. 


(3.) The anglo of dispersion is greater, and in consequence wo get 
the same sproad without going во far back. 


(4.) As the anglo of descont is larger the amount of ground covered 
by the cono is loss. 


(5.) As the velocity of the bullots becomes smaller they {опа to fall 
proportionately below tho trajectory of tho shell. 


The following distances are about tho best for a 9-pr: 


Yds, short, Front covered. 


Under 1000 yas. TOURO: 2 vss 80 2370 1t. 
From 1,000 to 2,000 эбе vas va Sx 0 9% 
From 2,000 to 3,000 уй8.......... 40 24°8 “ 
Beyond this.......... ҮТ 30 15:6 “ 


With the modern 12 B. L. gun its shrapnel may be burst further 
from tho object, for though the spread will bo considerable, there aro 
mary moro bullets distributed over it, and the velocity is much greater, 


This valuable power of spreading tho effect is peculiar, as will be 
shown, to shrapnel and time fuzes. 


Tho length of ground covered is very important in firing at masses 
and columns. 


A 16-pr. sholl, under favourable circumstances, will cover from 410 
yards at 1,000 yards range to about 136 at 2,500 yards range, with an 
effective fire. 


It will be seen, from the long narrow elliptical form of the area 
struck by tho bullets (before ricochet) that :— 


1st. When the object has depth, the firo cannot be too direct. 


2nd. When the object has width and little depth, the moro oblique 
tho line of fire the better. 


3rd. That time shrapnel is peculiarly suited to objects moving 
towards or from tho battery, considerable errors in firing 
fuzes being compensated for. 


EFFECT OF HEIGHT OF BURST ABOVE PLANE 


As tho drop of the axis is but little below the trajectory, and tho 
greatest spread of bullets is where tho central lino of the cono cuts the 
ground line, it is evident that the shell should be laid so as to hit (if 
blind) a little abovo tho contro of a vertical targot. 


The circles on the figures clearly show tho result of improper height 
of bursting, 
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At 1,000 yards a 9-pr. sholl ought to bo burst 80 yards short and 
10 feet above plain. 


This varies with evory rango. Deponding on tho distance in front 
it ig desirable to burst the shell, that fixing its position in tho trajoctory. 


When а shell bursts too high or too low it may bo duo to a dofeotivo or 
improperly borod fuzo and not to bad laying: 


A round or two of sholl with porcussion fuzos would sottle tho 
mattor. 


DEOREASING VELOOCITY OF BULLETS, 


This is of the most vital importanco, and it has been decided that 
about 400 or 500 fect por second is necessary to disablo a man. 
Bullots loso in powor : " 
1. As tho range increasos. 
2, When the shell bursts on graze or after ricochet. 
3. As the point of burst is farthor from tho object. 
4, Ав moro of the hits are ricochets. 


As to the first causo it appears that tho 16-рг, gavojtho following 
results :— 1 


Range. Strikes and lodges. Throughs, Dummies disabled por shell. 


800 1 27 18'2 
1,500 1 1.7 1071 
2,000 1 *46 54 
3,970 1 03 о 


As to tho second causo, in a trial with time versus percussion fuzos, 
all of which latter exploded the sholls on гало, it was found that tho 
following proportion hold :— 


Strikes and lodges. Throughs. 
A flor grae... eoecsossocososebeseos ess 46 i 
Воѓого grazo ......... mo "P T "076 1 
That is, the bullots had, on an avorage, 7 times the powor in ono case 
than in the other, 


Third causo—distance of burst in front. Taking as before tho 800 
yards range the proportion of lodgos and strikes to throughs aro as 
follows :— | 


Burst short—yards, 


t te, diminishing rapidly. 


4, As to the powor lost by ricochot, it is difficult to ostimato it, but 
as tho amount of ricochet incronsos its powor decreases. 
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PEROUSSION SHRAPNEL. 


Though the actual сопе of dispersion is the samo with a timo or por. 
cussion fuze, still the circumstances of tho caso are vory difforent, for in 
опо the +hell opens in the trajectory before gr^ze, and the bullete have a 
descending angle ard a velocity lessened only by the resistance of tho 
air, In the other caso it opens after graze and the bullets have an 
ascending angio and are considerably retarded by the graze. 


There is great uncertainty with тера! to this anglo of ascont, аӊ 
slight irregularity of ground as to inclination and consistency affects it 
much. 


As a rule the angle of ascent with descending angles under 6° jg 
about one-fourth more. With angles over 6° about one-third moro. 


It can be seen, if the ground had а slope to the front the angle of 
descent, on lovel ground, would be increased and vice versa. 


The trajectory of a shell after grazo is very difficult to estimate, but 
it is considered that tho following is almost correct. The numbors being 
the height of trajectory, and therefore contre of cone above ground. 


: : 
Range. ! Angle ed 10 yds, | 15 yds. | 20 yds. | 30 yds. | 50 yds. | 80 yds. | 100 yds. | 120 yds. 


ascent, 


———— 


Degrees. Ft. t. Ft. Е, "Ft. Ft t. Ft, 
000 2°65 14 21 28 2 6:9 10°6 8 14-8 
1,200 40 1-9 3000 4-1 6:2 10:1 15:8 194 211 
2,000 5-31 4 59 T8 1:6 19-1 29-6 35:4 38:0 
2,200 "45 5 T3 9:5 14-2 EE ЗЕТА НЕЕ ses ЗЫ, 
2,600 11°40 5-8 8-7 11°б 17:1 28-0 ЮР 
3,000 “20 6-8 1:2 13:6 2071 33.0 55$ 


From this table it is clear that at 1,000 yards, if a shell is burst on 
graze 50 yards short, the centro of cono passes ‘Y foot over the top of a 
6-foot target. At 100 yards 6'8 above it, 


At 1,300 yards the bost timo burst is 80 yards short. At figure 4 wo 
вое а timo and percussion burst at that distance; also ono of each burst 
120 yards short. Tho area covored in each spouks tor Иво. 


If both wero burst much closer, say 30 yards short at 1,600 yards, 
the areas would bo about the samo, but the spread is very small and oven 
here; the percussion bas practically no ricochet. For the porcussion at 
30 yards short only covers a front of 9 men, while if: burst by time fuze, 
say 80 yards short, it would cover 20. The percussion at this rango 
would cover less on account of its rise and have no ricochet. 


At 2,000 yards a percussion shell 30 yards short would only just 
touch the top «f the target with the very lowest bullets of tho cone, and 
at 40 miss it entirely. 


At 2,300 it would just touch at 20, miss at 30. At 2,600 it would 
miss at 20, and at 3,000 yards at 15 yards short. 
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Thore is, of course, no ricochot with percussion sholl. 


From tho above it will bo seon how seldom it is dosirable to use 
shrapnol shell with porcussion fuzos; if necessary thoy must bo burst on 
razo very close. Tho following table shows about the best position and 
tho number of men covered ; also the number covered by the samo shell 
if burst as it ought to be by a time fuze. Note the difference. 


Range. Distance, No. of men No. of men covered by 
yds. yds. covered. shrapnel time fuzo. 
| 
1,000 40 10 21 
1,300 25 7 2 
1,600 20 | 5 20 
2,000 12 4 20 
2,300 10 | 3 15 
2,600 9 : 3 15 
3,000 $ | 2 15 
‚иллаа ле ааннара ана араарар 


This necessarily small sproad leads to groat loss of effect, and also 
increases the difficulty of making good shooting. Since slight errors in 
rango become very serious, and also small lateral errors; for example, at 
1,600 yards the best distance for percussion shell is 20 yards, Tho 
aproad of сопе for this is 8'4 foot, therefore 4 feot to right or left of object 
half the effect is lost; if 84 all is lost. Whereas with a timo shrapnel 
burst where it ought to be tho diamoter of the conois 33:5 foot, and a fow 
feet right or loft don’t mattor. 


TABLE SHOWING HOW MUCH MORE DIFFICULT IT IS TO MAKE EFFECTIVE 
SHOOTING WITH PERCUSSION TIIAN TIME SHRAPNEL. 


PEROUSSION SHRAPNEL, | ГІМЕ SHRAPNEL, 
BURST Вповт, | Burst SHORT., 
Ranges. Ranges. 
Effective. Good. Bad. Effective. | Good. Bad. 
ries CANONE | 
Yds. Yds. Yds, Yds. Yds. Yds. | Yds. Yds, 
1000 from 2010100] 40 | over 170 1000 | from10to160; 100 | over 250 
1300 « 2010 70 25 “ 15| 1300 “ 10010: 8 " 2% 
1000 “ шю ж |“ ю| 199 | “ шош! в “ 1% 
2000 * loto 25 12 € 0 2000 “ 10140 19 | 50 “ 170 
2300 “ 50 15| 10 “ 30 2300 “ шо № “ 150 
2600 e 5to 12 9 ч 2 2000 “ 100 85 00 " 15 
60 “ 120 


3000 “ toi] 7 ч 5l) 39 | “ юю | 


A section of а gun pit shows woll how much moro offective timo 
shrapnel is than percussion, It will also be romembored that with timo 
fuzes the ground in rear is swept by a most destructive fire. 
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A small rise of ground in front of an objoot is vory projudicial to the 
effect of a porcussion shell, while it only affects tho velocity of a fow of 
tho ricochets of a time shell. 


One thing is in favour of рош ол fuzes, and that is that thoy arg 
very simple, accurate and reliab!o; tho samo cannot oven now be said of 
timo fuzes. 


1. Thoy cannot bo carried fixed. 


2, They can seldom bo prepared at tho limbor on account of its 
distaneo, 


3. If prepared then No. 1 cannot bo sure as to how thoy aro bored, 
4, Tho wood fuzes aro difficult to bore accurately, 


s 5. Illiterate gunners ure confused betweon seconds of flight and руз 
of fuzo. 


6. Tho lighting of the fuzo is often irrogular, 
1. Graze has great affect on them. 


- However time fuzes on Armstrong's principle havo few of those 
cfocts. ` f 


NATURES OF FIRE. 


Wo will now considor the application of Shrapnel fire to tho various 
requirements of the servico. 


"The objects are men and horses. 


The conditions under which the various arms expcso thomsolvos 
differ and in consequence present difforent targets, so wo will take them 
separately. 


ARTILLERY AND OAVALRY. 


Cavalry and Artillery whon mounted present a considerable height 
and in consequonce the ascending angle of a percussion Shrapnol is less 
objectionable and in consequence may be moro freely used, 


Cavalry may exposo thomselves at long rango in large masses with- 
out much movomont, timo fuzes, if available for the range, would bo used 
unless it was found difficult to ascertain the offect. 


At ordinary or short ranges Qavalry will be in rapid motion, and 
unless the ranges have been proviously carefully moasured and the men 
ean be relied on, percussion fuzes may be permissible from their simplici- 
ty and quick service. 


Cavalry attempting a suddon flank attack should be received with 
percussion, for the range is short and the ground must be good for thom 
to be able to advance, and rapidity is all important, 
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In all cases, however, when a deliberate fire can bo given timo fuzos 
aro bost: 


Artillery may either havo its бге kopt down or its mobility destroyed ; 
in one саво the men and in tho other tho horses will be tho object, 


Tho old idea of destroying the matérie? by common sholl is impracti- 
cablo. 


If the object is to keep down the firo, timo fuzos and frontal firo will 
bo probably best, for the ground behind the guns towards tho limbors 
will bo swept and tho servico of ammunition difficult, 


Occasionally oblique firo may onablo two or moro guns to fall 
within the cone of dispersion, 


If it is desirable to destroy mobility, thon time shrapnel fire must bo 
kept up on the limbors, It is found practically that porcussion fuzos aro 
of little use. 


Tho best chance to cripple a battery is as they are coming into 
action; and a battory acting on the dofensivo may ойоп have a chanco 
of making good practice, having previously ascortainod the ranges of tho 
likely points of vantage, and having shell with time fuzos ready for that 
distance, and opening a rapid firo, 


If guns are in a pit or behind a knoll, and the limbors rotired out of 
sight down tho roverso slope, time shrapnol will hunt thom out, Tho 
downward angle of tho cone is tho best possible shapo, the upward anglo 
of the percussion being useless. 7 


But if the guns thomsolves and limbors are just beyond tho brow of 
a hill, oven percussion would be offective, for it« angio of ascont would 
bo small, and sometimes the facing slope is actually afost, 


INFANTRY. 


As infantry present a low target oven when standing up and smaller 
still when they lie down, porcussion shrapnel is very unadvisablo. 


Thoy will be as a rule in three naturos of formntiun :— 
1. Moving slowly at long ranges in large masses, 


2. Moving more rapidly in small columns of support at shortor 
rangos. 


З. Moving in short rushes at a sharp double and at eloso rangos. 


In every caso thero will bo pauses whon tho men lio down and got 
cover, chicfly, in an attack, of natural obstacles. 


1. Common sholl has little effect. 


If percussion shrapnol is by any chauco used, burst at tho hend or in 
tho column. 
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Time shrapnel, from thoir power of covering tho whole column from 
front to rear, should always bo used if available, 


They should be directed at the centre of the colamn and burst at the 
distances in front of that point already laid down according to rango. It 
is not advisable to day at the head of the column, as much of the cono i, 
wasted in front, 


2. and 3. In attacking а more or less extended body of mon it js 
woll, if possible, to use oblique fire, so that the cone may rango along tho 
lino; but even frontal fire, if proporly burst, gives excellent result from 
its spread. 


In an attack, batterios placed to flank the ground over which it 
comes are most effective on the close advance. 


The batteries in front would do well to direct their attention as soon 
as possible to the supports, and leave tho infantry to tako the advanco4 
line, for the supports form a better object, and if they are demoralized or 
Soriously weakened the line in front will lose heart and retiro. 


When men are under any natural cover the downward action of time 
shrapnel is always moro effective than that of percussion, 


If infantry hold tho outskirts of а wood time shrapnol is offcctive; 


but if far in the wood, common shell with time fuzes will alone be 
effeotive. 


Under all circumstances, in a defensive position, it is well to keop a 
few percussion shrapnel for surprises at close quarters, 


_ Of course if cover is complete and strong, such as houses, walls, 
palisades, &o., shrapnel of any nature is useless. 


Ranges are either— 


1. Distant essee cccccvee seses seeeeAbove 3,600 yards, 
2. Тоор... cee e From 2,500 to 3,500. 
3. Ога. инеем © 1,200 to 2,500. 
4. ЗО оне © 800 to 1,200. 
б. С1овө................ eres, Under 800. 


1. Range is limited, Ist, by the distance at which the shell ceases to 
have sufficient powor; 2udly, by tho distance at which tho oye, even 


раат assisted, is ablo to ascertain the accuracy of the practice апа its 
results. 


The absolute necessity for correct observation limits tho length of 
range, except under very special circumstances, long before the actual 
extreme powor of the gun is reached. 


Accuracy is the first ossential, especially at long ranges, where tho 
ground covered by tho sholl aiminishos. ^ 
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Rango finders are of great assistance, but actual obsorvation is nones- 
sary to correct errors, 


Range tables boing formed from practice undor tho most favorable 
circumstances are only approximately correct. 

Tho distance at which effoct can be judged with certainty is limitod 
by ~ | 

1st, Tho actual distance. 

2nd. Atmospheric conditions, as fog or bazo, smoke, sun, twilight, &о, 

3rd, Direction of tho light. 

4th. Ground on which tho object stands, 

5th. Amount of smoko from burst of «hell. 

6th, A number of battorios in action at опсо соліцво results, 


Tho third is Шо suspected, but is vory important. 


The effect of shrapuol can only be judged by constant practice; itis 
easier with percussion than timo shrapnol, as they burst on tho ground. 


At practice a shrapnel was judged by several observers as “ over,” 
yel it was 120 yards short, гапро only 1,100 yards, 


Distant fire may be necessary undor the following circumstances :— 
а. When in а reconnaissance it is desirable to make enemy dis- 
close his strongth or position. 
b. Against such an attempt whon exposure does not matter. 
с. When acting as a retaining forco, to forco опоту to doploy, 


d. In defensive positions, when enemy shows himsolf in largo 
masses. 


е. When fire has to bo concentrated on an important point from 
an extended line of batteries. 


` f. In a pursuit, if an opportunity offers itself to shell a narrow 
defile, or if it is impossiblo to got closer. 


g. In retreat it is advisable to koop tho batteries ongaged as long 
as possible and out of the road. 


When the enemy can easily and quickly move his position, like a 
regimont of cavalry, every precaution boing takon, salvos should bo fired 
and shells kopt in readiness at the guns to keep 1р a rapid fire, 


If range has not been ascertained it must be got as soon as possible 
with common shell and quickly followed by shrapnel and timo fuzes, 
which now can be burst every $ second up to 30 seconds. 


The great loss of power and effect which shrapnol suffors from 
increase of range makes it а matter of judgment, with tho О, C. Battory 
us to its use. It must be remembored, however, that the power of 
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shrapnel from tho now high velocity guns has onormously increased 
the volocity of a (2-pr. at 7,000 yards being 500 foot per second, and at 
3,000 being greater than tho 16-pr. sholl at 2,400 by 27 foot por second, 


In consoquonce, tudor favourablo circumstances of vision, shrapny| 
may be more frecly usod from those modern guns or with hoavio, 
natures of guns when availablo, for thoir bullots aro heavior and carry 
farther. ' 


Many practical artillorists maintain that fiold shrapnol ought seldom 
if evor, to bo used ovor 2,000 yards. | 


2. At long ranges tho difficultios aro not so great; it is onsier to 
make good practico and to estimate results. 


It still is difficult to mako good practice at moving objects. 


Above all it is necessary to ascortain tho rango of well-defined 
objects, and due allowance must bo mado for timo of flight and rato of 
moving objects. 


3. At ordinary ranges, unless time is an object, it is always well to 
' verify range finders by a round or two of common shell and percussion 
fuzos, especially when the object to bo fired at is small, as а gun in a pit, 
Remember, however, that the shrapnol is, as a rule, slightly hoavior than 
common shell, and that it is desirable- to have its cono of dispersion at 
best advantage; therefure, the trajectory should be slightly above that of 
a common sholl, 


Therefore a few mirutes more elevation ought to bo given, 


At ordinary and short ranges timo fuzes aro tho best, but ofton, in 
tho case of a suddon attack, time is so important that porcussion fuzos 
may be used, as they aro oasior to manago, especially if the battery is 
short-handed or tho mon flurricd; besides, the nature of tho ground is 
not of so much importance, and the angle of descont, and theroforo of 
ascont, is vory low. 


At close ranges no doubt porcussion fuzes are 608% till caso can be 
used. 


Reversed shrapnel are of little valuo, 
CHAPTER IV. 
SIEGE ARTILLERY FIRE, 


Whon it has been determined to reduce a fortress by a rogülur siege, 
the strength and composition of the siege train, tho position of the bat- 
torios, and tho probable quantities of ammanition that will be required 
for each picce, must bo ut опсо decided. 


'The composition of the train will depend upon the strength of the 
place, tho position and nature of the works to be attacked, and tho means 
that are available for trunsportation, 
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It should Бо remombered that by omploying accurate piecos of ord- 
nanco with large shell power thero will be a groat saving in time and 
material employed; hence always use the most powerful piecos appro- 
priato to tho work that aro available, 


Tho amount of ammunition depends upon tho naturo of work to ho 
done and the amount of opposition to bo expected, 


At the carly parts of а siogo tho fire is usually as rapid as is con- 
sistont with accuracy, in order to if possible establish a superiority over 
the defence, at least 200 rounds por day being usod. After this the fire 
becomes much more deliberate, but a total of at loast 1,000 rounds will be 
required for cach important pioco. 


The choico of base and fronts to be attacked and tho actual position 
of tho various batteries is arranged by the superior officers in consulta- 
tion, and hardly come within the scope of those notes. 


‘The artillery parks would bo close to the best line of communication, 
as well concealed as possible, and from 6,000 to 7,000 yards from the 
most advanced works. 


The main magazines boing about 8,000 yards away. 


Boside tho general park thoro would be intermediate Форд, which 
should be connected, if possible, by rail with the general park and with 


the batteries thoy are to supply. ‘These depóts should always havo suff- 
ciont ammunition for 24 hours’ use. 


There are many points to be attondod {о in arranging tho main park 
and magazines, tho utmost order being observed and all regulations most 
carofully carried out, 


Magazines should not be too largo and should bo woll separated) und, ` 


if possible, lofty and solid banks of oarth should separate thom. 


Each pilo of projectilos should bo cloarly markod and protected аз 
much as possible from weather. dior 


Tho actual naturo of siogo battorios is doscribod in tho Fortification 
course, 


They depend greatly on tho nature of tho ground and would bo 
naturally or artificially screonod. 


They are either olevated or sunken, tho latter being proforrod 
because thoy are more easily screenod, affords more cover, can bo casily and 
quickly executed with a comparatively small amount of material, and а 
large amount of undisturbed soil is utilized in its construction, Thoy aro 
often difficult to drain, and sometimes in rocky ground aro impossible. 


A loose, sandy soil rosists a continuous fire iar buttor than a tenacious 
clay. 


Tho oxperimoats of lato yours at Lydd were chiefly ut parapots of а 


34 t 


olayey soil, and it has been віпсо ascortained that the rosults aro not jy 
somo casos reliablo; in fact, high velocity sholls воот to rise out of sani 
as they do out of water and to take but little hold of it. 


PLATFORMS OF SOLID CONSTRUCTION ARE LAID, 


Platforms are either Clork’s (strongthenod) or double decked wooden 
ground siogo platforms, 


The formor is laid so that the line of firo passes down its contro, the 
side pieces can bo slightly moved to allow for slight traversing. 


There aro two methods of laying them and thoy are availablo for the 
25-рг., 49-pr. and 6*3-inch Howitzer. 


Double deekel platforms aro necessary for the larger natures of 
Howitz ra, thoy consist of two layors of plauks on transverso planks. 


Wheel guides and wheel plates aro used in connection with thom, 
tho former to guide the gun on running up into the lino of fire, во аз to 
be in right position as regards the anchorage and to simplify the rovorse 


laying. 
Steel whool plates aro to prevent injury to tho ptatform, for which 
purpose trail planks are also used. 


As the wheels and trail are on metal surfaces, thero is often a move. 
ment of tho trail after the gun is laid, this may be overcomo by sprinkling 
sand on the steel plate. 


Tho anchorago for hydraulic buffer is described in Morgan's book. 


There are two well-defined artillory positions, the first or distant, and 
tho second or nearer of the two. 


The various considerations which dotormino their positions and dis. 
tance will not bo considered hore, but those of the first position would 
robably be from 2500 to 3000 yds. from the permanent works of the 


Ortress. | 
Under favourable circumstances this distance might be reduced. 
ARMANENT AND DIFFERENT NATURES OF FIRE APPLICABLE TO BATTERIES OF 
THE FIRST ARTILLERY POSITION 


The various natures likely to be employed from tho first artillory 
position are as follows: 


a, Fire against visible works or armament. 
b. Fire for enfilading long and probably strongly travorsed faces, 
с. Tho fire of howitzers for searching offect. 


d. The high angle firo of howitzers to destroy overhead cover or 
buildings. 
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е. Tho shrapnel fire of howitzers for searching offoot, 


f. Tho shrapnel fire of howitzers and guns by night to hinder tho 
enemy making good damagos, 


Whon not otherwise stated common sholl with direct action, or 
similar fuzes, are supposed to be used, . 
It is probable that a combination of light and heavy ordnance would 
bo used. 


Combined accuracy and sholl power is necessary in tho ordnance used 
in those long rango batterios, theroforo at rangos boyond from 1200 to 


1600 yards, the lighter guns and howitzers would not bo usod except for 
a gonoral bombardment, ; 


Wo havo then available tho 8-inch howitzor of 70-owt, tho 6-6 inch . 
un of 70-cwt. and tho 6*6 inch howitzor of 36-owt, tho lattor boing tho 
Joast accurate. 


а. Tho accuracy and shell power of tho 8-inch howitzer rondor it 
the most formidablo pioco against visible works or armament, 
as with maximum chargos tho parapet is soon cut down and 
the carriages, &c., exposed, and in consoquonco easily destroyed 
far moro complotely than by a chanco shot from a gun. 

Tho 6 6 inch gun being more poworful and having groator accuracy 
would bo better than the 6:6 howitzor of like sholl powor. 

b. The same order holds good in this caso, and it must Бо remem- 
bored that the angles of descent from guns are small, evon at 
long ranges, and in сопзедиопое they are not good for this 
nature of fire. 

с. The searching effect of common shell is vory small indeed, and 


the effect of the later patterns of shrapnol with large burst- 
ing charges is much greater, 


d. High angle fire with howitzers isa groat mattor of chanco, as 
it is not possible to ascortain tho oxact position of tho onemy’s 
magazines, casomates, &o., and it is diffloult to judgo of offoot. 


е. The high angle fire of either tho 8-inch or 66-inch howitzors 
would bo very effective in cloaring out tho cnomy’s gun 
detachments, 


g At night it might bo continued, aided by the direct shrapnel firo 


of guns, at the most likely points whore the enemy would bo 
making repairs, 


ARMAMENT AND DIFFERENT NATURES OF FIRE APPLICABLE TO BATTERIES OF 
THE SEOOND ARTILLERY POSITION. 


The second position is much nearer the fortross, and tho battorics 
aro intonded to deal more in detail with tho fronts attacked, one faco 
being enfiladed, another counter-battered, and so on; other battorios 
being used for breaching. 

8 
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Tho general object of theso batteries is to prepare for tho close attack, 


for which purpose it is necessary — 


а. To silenco tho artillery fire of the place, This can bo tempor. 
arily dune by the searching fire of howitzers, but it 18 neceg. 
sary to silence tho guns permanontly by dismantling then 
either by frontal, oblique or onfilade firo. | 


Frontal fire is best used if the guns are mounted behind embrasure 
for though tho mark is small many shot are deflected inwards 
from the sides of the embrasure, 


In most cases the guns will be mounted on overbank or disappear. 
ing carriages, and are more difficult of access. 


Littlo or no offect is produced by a direct hit, unless on muzzle o 
trunnion; therefore frontal firo is not to be desirable, Jẹ 
however, it is necessary, tho large shells of howitzers or thy 
largest guns directed at the parapet will bo most effective, s, 
they lay open the emplacement аз woll as dismount tho gm, 


At Dungeness an earthon parapet, 30 foot thick, exclusive of slope, 
was breached in 7 rounds, 6 of which wero effective, fron 
tho 8-inch howitzors of 70 cwt., at 1,200 yards, 


When using guns for oblique fire there is a largor targot to hit. 
but if it is desirablo to breach the parapot as before, tho diff. 
cultios are increased by tho extra amount of earth to lift, 


Wo seo, then, that if we ато obliged to use guns of small shel 
powor for dismounting, oblique fire and direct hits is th 
best, but with guns of large power or howitzers then сү 
down the parapet by frontal fire rather than obliquo. 


For enfilado firo at tho comparativoly short ranges of those batteria, 
curved fire from howitzers would alone give а largo onoug 
angle of descent, and as the travorses would be formidable th 
largest natures of howitzors would bo required if they со 
be spared from the important operation of broaching. 


b. Tho second objoot is to open up such of tho enomy’s works, 
more especially bear on tho attack and во provent their п 
armamont or occupation for small-arm firo. 

Hero again tho greater the shell power the sooner tho objecti 
effected. ; 


с. Next wo want to dislodge any field or machine guns that my 
bo established to annoy and retard the works of the attack, 


If these pieces are only covered by slight works, tho lighter sieg 
gins may bo used, but if strongly posted they must bo {том 
as before mentioned, 


а. To breach oscarps or detached walls. 


Here tho a of descent as a rule has to bo largo, howitzers mu 
bo used, and as powerful a nature as possible. 


а To silence if possible flank dofonces bearing on the attack 
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In this caso, it is often necossary to bring up somo of tho lightor 
siogo pieces into the advanced works of the attack, whon 
curved firo of howitzers or tho direct fire of guns will bo used 
аз посеввагу. 


f. To prevent repairs or romoval of debris. 


For this a stoady and maintained soarching fire with common and 
shrapnel firo from howitzors must bo kopt up to annoy tho 
working parties; shrapnel is best for night work. 


- 9. To cut down interior rotrenchments and disperse massos of mon 
collected to ropell an assault of a breach, 


For this тою а heavy Яго of common and shrapnol sholl from 
howitzers would bo best, arranging various angles of doscont so that tho 
wholo area‘covered may bo woll searched out, 


From what has beon said it is evident that howitzers’ firing largo 
common shell aro by far the most important рагі of tho siego train, for 
they have great power and fair accuracy and comprise very varied anglos 
of descent. 


Tho heavier guns ав stated can bo employed in assisting in tho dos- 
truction of exposed works and tho lighter guns to destroy light cover and 
sweop the line of approach of sorties. 


Iron defences when they exist can only bo doalt with by powerful 
armour piercing guns, such as tho lighter of tho modorn R L. guns. 


THE AMMUNITION USED IN THE SIEGE TRAIN. 
PROJEOTILES, 


Tho following projectiles are employed in the attack of fortrossos 
viz, :— 
Common shell. 
Shrapnel shell. 
Star shell. 
Caso shot. 
Battering shot. 


Tho common shell is tho most important. It is {о bo usod with fuzos 
of tho naturo of the direct action fuzo, which, though quick, are not abso- 
lutely instantaneous, and allow considerable penetration bofore bursting. 


Tho direct action fuze will not act on graze with certainty at angles 
of descent less than 10°. 


The R. L. fuzes cannot bo used from howitzors, as tho shook of dis- 
chargo is not sufficient to prepare them for action. 


When common shell is used for destroying overhead cover a dolay 
action fuze ought to bo used or а timo fuzo bored long, | 


"m for tho siego train aro at present in а transiont stato. 
`8 
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Common shell fire is effective against earthwork or masonry at any 
distance within tho effective rango of the piece, 


Battering shot must bo used from high velocity guns against iron 
defences, and possibly with ndvantage against granito, but for ordina 
brickwork or concreto it is found that common shell practically penetrate 
as far and their bursting charges are larger. 


Tho effect of shrapnel from siege guns is similar to that from йо} | 
guns, but it must bo remembored that the heavier shell keep their ` 
volocity better, and tho size of tho bullets nre greater, varying from 
hardened lead bullets of 20 to the lb. in tho 25-pr. to the 14 to the Ib, in 
the &inch howitzer, their number is also much greator.. 


With the guns, therefore, а greater long limit of effective burst is 
tllowable. 


With the howitzors the velocities are low, and so each caso must be 
taken on its morits, and an effective fire can only bo maintained by an 
intelligent application of a thorough knowledge ot the effects uf shrapnel 
fire. This has been very thoroughly gone into in the case of field 
shrapnol, 


Time fuzes must be of a sp<cial nature or specially prepared to 
ignite with the low charges of howitzers. 


: ~ Star shells are used to illuminate the enomy's works; they aro effoc. 
tive up to 1,200 yards, 


They ought to be burst from 100 to 200 foot up in the air, in rear of + 
and to windward of the spot to be illuminated. 


They are usoless if they fall sbort or to leeward, as it is necossary 
that the illuminated smoke form a bnck-ground. 


Case shot would only be used to repel sorties and from guns specially 
placed in advantageous positions for the purpose, 


They could only bo used for direct firo. 
OHAROES. 


With guns full charges would always bo used; with howitzer 
maximum charges would be employed for— 


а. Distant bombardment, 

b. The destruction of visible works or armament. | 

с. In cases of curved fire, where the resulting angle of descent ik 
largo enough for the purpose required, 


For high anglo firo and for curved firo for the destruction of con 
cealed revetments, walls, or obstructions, the charge has to be varied & 
as to give the necessary anglo of doscent from tho particular battory ani 
р!есе, 
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Tho cartridges would be invariably supplied in metal-lined casos. 


Tho various mothods of laying аго treated of in the Artillery 
Manual; of these, reverse laying by means of French's sights is tho most 
important, being equally offective and accurate by night or day. 


All howitzers havo 2 sets of Fronch’s sights. Gans have one воб 
Froncb's and one set ordinary. When not in use they should bo kept in а 
place of safty. 


[t must bo remombored that in tho caso of howitzers, whon tho timo 
of flight differs for а cortain rango for each charge, und whon in con- 
soquence the drift is different, there is no permanent slope given the 
sights; they are upright; and the necessary loft deflection ів to bo ascor- 
tuined from the tables and given on tho sight, 


For example, with the 8-inch howitzer of 70 cwt. at 1,500 yards 
range, and with ita maximum charge of 113 lbs. the drift sight is 3-3 
yards, and the necessary correction is 8 minutes left deflection, . 


With its smaller charge of 35 lbs, ils drift is 19 yards and tho 
necossary deflection is 43 minutes, 


With guns the sights havo the necessary doflootion for thoir full 
charge. ; 


It has been noted that guns that have been sighted for studded.pro- 
jectiles shoot to the left if used with smooth studless projoctiles, and 
allowance will have to be mado, tho drift not being so great as in tho 
first case. 


In giving elevation by tho clinometer great care should bo taken to 
insure the instrument being correctly set by tho graduated scale, that it 
is placed in tho same position overy round, and that tho air bubble is 
exactly in the contro of the tubo, always finishing with doprossion, 


Before opening firo from a battory it is advisablo— 


а. To ascertain the range from a mean of several obsorvations 
with a range finder, 


b, To bo sure that all arrangomonts in the battery are complete, 

c. To decide on tho best point of buist or impact and to arrango 
for an observation party in direct communication with tho 
battery to signal each round, us by this means alono can a 
steady fire be maintained, 


Accuracy should nevor be sacrificed for speed, though they are often 
combined. 

Ammunition is to be economized, Novor firo a shot till tho results of 
the provious one have beon considered and tho necessary corrections 
mado. 


Wot sponges ought not to bo usod with howitzers using small 
charges. 
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Bo suro tho chargo is correct and the projoctilo rammed homo cach 
time, and tho staves of the rammors being carefully marked for this 


purpose, 
Stability of platform, especially under tho point of the trail, is vory 
important. 
Economize labour as much as possiblo— 


a. By getting sufficient recoil and not too much. 

b. By securing trail platos во as not to roquiro constant adjust. 
mont, 

c. Elovate a little before ramming homo, 


d. Place a fow sand-bags ‘or picces of skidding for tho muzzly 
numbors to stand on whon lifting tho projectile, 


Hurters and whool guides should only be placed after tho gun is in 
-tho line of firo, for the platform may not be parallel to it, and in con. 
sequence tho hurters may bo best when not at right angles to its axis, 


If a tube misses fire, after a timo, prick tho cartridgo, as thero is pro. 
bably а soam in the way, 


Should 8 shell jam in the boro withdraw it if possible, remembering 
to replace tho cap of a D.A. percussion fuzo before lifting it out of the 
gun, 


If the gas check is jammed ram it strongly homo soparately. 
Porhaps tho bore wants cleaning. 


If the shell cannot be withdrawn rig rammor ropes to the stave, and 
by carefully manning these ram homo all togothor, 


If this is impossible firo tho gun, rememboring that the projectile 
will fall short, Ш this is apt to causo danger to your own sido, tho charge 
must be drowned and the shell blown out with a little Е.б. powder, 


In conducting the fire of howitzers, when the chargo is small, the 
elevation high, the velocity low, and the time of flight long, it is useless 
to attempt to correct the fire by altering every round, Got a shut over 
and a shot under, tako balf the difference, fire several rounds, note moar 
point of impact and correct if necessary, making decided changes in the 
tirst rounds and afterwards if nocessnry. 


The same process would bo best for howitzers with hoavier charges, 
but the alterations necessary aro smallor. 


EXAMPLE (81хон HOWITZER, 10 сут. CHARGE 34 LBS.) 


ist round.—Elevation due to 1,000 yards — 13° 10’ observed under, 
2nd round.— Elevation due to 1,110 yards = 14° 48’ observed отог, 
Half the difference in elevation is 49’, 
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3rd and following rounds—14°, to bo furthor altored if посеввагу: 


Howitzors when heated from rapid fire give a slight increase of 
rango and must bo allowed for. 


A careful report has to bo mado from every battery at tho tormina- 
tion of each day's firing, of the amount of ammunition oxpended and 
remaining on hand, for the information of tho officer in chargo of the 
artillory park. 


FIRE UNDER VARIOUS CIRCUMSTANCES AND FOR VARIOUS 
| PURPOSES, 


Aaatinst ExposED EARTHEN PARAPETS, 


Tho object is to cut a broach through tho: parapot and ороп up tho 
interior. ‘Lo do this, place tho first fow rounds well down on the oxtorior 
slope, and as tho breach progrosses tho elevation must bo gradually 
ineroased, Tho greater tho anglo of descont tho groator tho difforenco in 
elevation, (Sco figuros.) 


With flat trajectory guns at short ranges but little differonco is 
roquirod. 


Whon firing at vory long range tho solo object will bo to hit tho 
parapot, tho exact point being uncertain. 


FIRE TO ENFILADE STRONGLY TRAVERSED FACES, 


It is generally best to first breach the parapot that scroons tho viow, 
in order to note the point of impact on tho travorses as thoy are firod at. 
With vory long range no particular point of impact can bo assured. 


FIRE AGAINTT VISIBLE ARMAMENT. 


It is bost to ороп up tho works with heavy sholl fire. Diroct hits 
аго soldom effective and tho targot is small. If guns of small sholl powor 
aro to bo used Шоу should have thoir lino of fire inclined about 459, as 
this givos a larger mark. . 


FIRE OF HOWITZERS FOR SEAROUING EFFECT, 


Firo first a few common shell of tho вате weight as tho shrapnel; 
thoir flash is large and the exact elovation is soon found, so that tho tra- 
jectory would pass through the proper point, 


The fire is thon continued with shrapnol, burst protty close to tho 
object, for tho velocity is not vory groat and tho aros to bo swoptis small, 
and there is à good deal to,bo dono in it. 


FIRE AGAINST SCREENED OR CONCEALED BATTEKIES, 


Tho supplementary extemporized outworks of a fortress aro fro- 
uently of the samo form and naturo as thoso of tho attack, and, like 
thom, screened or concealed, "АШ. 
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The distance they are behind the screen is as a rule unknown, and 
the point of impact cannot be seen, 


If possible ascertain the rango by measuring carefully a base and 
making simultancous observations from tho two ends of the smoko from 
а gun, 


If possible the screen must be cut down ; but if it ів а natural undula. 
tion of ground, this is impossible, and the practice must bo very uncertain, 
An observer with a straight edgo laid on the smoke of a gun could signal 
whether a shot was over or undor. 


FIRE FOR BREACHING, 
There are two cases: 


a, Breaching escarps surmounted by earthen parapets. 
b, Breaching detached walls, 


The conditions of fire as to angle of descent and velocity attainable 
fur any particular case are to be estimated, and fire opened and conducted 
as follows: 


Having settled the conditions of tiro for tho purpose required, as will 
be explsined hereafter, and the breaching batteries established and armed 
accordingly, fire will be conducted as follows: 


а. First, in breaching escarps, the most offective place for the 
mean point of impact is about a fourth of the height of the 
wall, below the top. The lower projectiles of tho sories will 
strike to about half way down the wall, and tho upper ones 
up to the cordon, à 


A group of rounds is first fired and tho elevation corrected, if 
necessary, until it is found that half tho shots strike short of 
tho crest of tho glacis and half clear it, then by adding 
minutes of elevation corresponding to a fourth tho hoight of 
the wall, or to whatever hoight it muy be deemed necessary, 


.* Suitable posts of observation must be formed, and the results of 
each shot communicated to tho battery, and stating whothor 
the projectile strikos tho glacis, the wall or the parapet. 


The sliding down of the earth as tho wall is destioyed gives an 
iden of tho width of the breach forming, and which may be 
increased by giving deflection, 


As a rule breaches should not be formed till the advanced works of 
the uttack reach the glacis, when accurate observations can 
be made, 


t 
b. Brcaching detached walls is more difficult, because the anglo of 
descent must be greater, the wall being noarer the counter. 
rearp and having to be destroyed to within about З feet of 
tie ground; also, there is not such a good chance of esti- 
mating the effect of the tire, 
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In conducting fire for this purpose, seloct tho crest of tho glacis as 


moan point of impact, thon as it becomes cut down the prejectilus will 
take effect lower down on the wall, 


Observations from the crest of the glacis can alono dotermine oxtent 
of damage 
FORMATION OF BREACHES, 


Modern works with narrow and doep ditches, with well covered 
escarps and detached walls, have much increased tho difficulties of n siego, 
Angles of descent of 20° or more nre sometimes necossary. 


The old system of breaching by forming horizontal and vertical cuts 
of short range is no longer j1aciicuble, 


Breaching by “demolition,” ie, by destroying the revetment by а 
fiie distributed over the porticn of the wall to be breached must bo 
employed. 


In breaching escarpe, surmounted by an earthen parapet, it will bo 
necossary to destroy the wall half way down, measured from tho cordon; 
and in the case of detached walls, to destroy tho wall within 3 foot of tho 
ground, 


The protile of the works to bo attacked would generally bo known, 
wo require to know, 


a, The height AB of the wall to be breached, 
b. The relative lovels of the top of the wall and tho crest of tho 
glacis. a 


с. Tho horizontal distance botweon tho face of the wall and tho 
crest of tho glacis, 


When the above are known the least anglo of descent noéessary to 
strike half way up tho wall ean be calculated. 


Subtract half tho height of tho wall from the hoight of tho crost of 
glacis above bottom of ditch, lot this = AB. Lot BC bo the horizontal 
distance between the wall and tho crest, thon wo obtain tho angle from 


tan, АСВ = го ; : 


This can also bo moasured from a careful drawing to scale. 


''ho anglo formed is thon looked for in tho rango tables for tho picce 
in question and the most suitable chargo solocted for that rango, 


The extra elevation is easily tound to raiso tho point of impact to at 
fourth of the hoight as before mentioned. 


We must noxt consider what howitzers are available, and the lowest 
striking velocity, also the greatest obliquity of firo permissiblo, in each 
case With due regard to effect, 
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It must bo romemberod that tho groator the rango tho groator tho 
striking velocity with a givon angle of descent; but the greater the 
range, the moro inaccurate the firo and tho greater tho difficulty of 
observing the effect. 


Again, tho moro obliquo tho position of the battery to the faco to be 
breached, the lower down it can bo struck with a givon striking velocity; 
but the greator tho obliquity of fire, tho smaller the effect, especially ‘at 
first and tho groator tho thickness of masonry to be pierced, 


LOWEST EFFEOTIVE STRIKING VELOCITY. 


It must be borne in mind that when high anglos of doscent arg 
required tho actual effect of a sholl is much reduced, as the horizontal 
component of tho striking velocity becomes sm iller as the angle increases, 
whilo at tho same timo smaller and smaller charges aro boing usod, 


It is considered that with the 6'3-inch howitzer it is dosirablo to 
secure а striking velocity not much below 400 F.S, 


With tho charges used with tho 6'6-inch R.M.L. howitzer, the small. 
est, en 1 №. never gives a loss velocity than 420 F.S., which is offectivo 
especially against detached walls, d 


With the 8-inch howitzer of 70 owt, tho smallest chargo is 33 108, 
which givos 432 F.S. at 1,500 yards, and is consequently effective at al) 
rangos. Ав tho volocity of 400 F.S, is considered effectivo with the 
smallest of theso howitzors, it 18 much more so with the largest firing a 
shell of 180 lbs, against the 70 lbs, common shell of tho 6:3 inch howitzer, 


GREATEST OBLIQUITY FIRE PREMISSIBLE WITH DUE REGARD TO EFFECT, 


When works are attacked having such narrow and доор ditches that, 
if frontal firo bo used, the angle of descent necessary to strike low enough 
would reduce tho striking volocity too much, we must have recourse to 
oblique fire, in this way wo increase tho horizontal balance between 
the point to bo struck and tho crest of glacis, and can uso asmaller anglo 
of descent, 


Generally spoakjng, the heavior tho shell and the greater tho striking 
velocity, tho more obliquo may the anglo of impact bo to producoa 
given offect. 


From experiments, it appoars that with tho 6:3-inch howitzer offectivo 
results woro produced with tho 7U-lb. sholl and 400 F.S, velocity at an 
angle of as groat as 60°, 


With tho 66-inch with 100.16, sholi and 482 F.S, volocity, a fair 
effoct is produced on granite up to 45°, only тоге shell may glance, 


With tho 8-inch and а 180 lb. shell, good effects woro obtained with 
angles of 40° and 45° and velocitios of 650 and 450 F.S, rospootivoly. 
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46 
POSITION FOR BREAOHING BATTERIES, 


Breaching batteries would bo about-1,500 yards from the work to hy 
attacked, and itis found that wo can get from our howitzers, at abou, 
that rango, angles of descent large enough for the requirements of mog. 
ern fortresses, and at the samo timo offoctive striking volocity. 


If the batteries aro a little nearor the anglo of descent, with the 
samo charges and thoroforo velocity, will be slightly incroased, and tho 
contrary if a little more distant. 


In placing the batteries, it must bo remembered that though the 

roater the velocity tho greater tho ponetration, accuracy and effect of 

individual projectiles, tho lower down the wall or eseurp is destroyed tho 
more complete is the destruction, and the more difficult its repair, 


We, thorefore, consider that it is best to employ rathor larger angles 
of descent than may be theoretically sufficient to form a breach if lof; 
undisturbed by the besieged, 


Curved fire being now so accurate, it would be seldom necessary to 
form batteries close up to the fortress for breaching purpose, but a fow 
light picces might require to bo placed in the advanced works aftor the 
breach is made to destroy flank defences, &c. 


In order to keep a breach open when formod, an accurate searchin 
fire must be kept up by day and night, and the angles of descent consid. 
erably greater thun are necessary for breaching, 


Tho shrapnol fire of howitzers with angles of descent up to 25°, and 
tho shell burst at about tho crest of the glacis will be most effective, tho 
accuracy of the fire should first be assured by day. 


Immediately before the assault a fire of common shell must be 
oponed to clear tho broach of obstacles that may have beon placed there, 


ATTACK OF IRON DEFENOES. 


For tho attack of "wrought iron defonces, which may be expected in 
futuro sieges, nothing but the fire of powerful armour piercing guns 
will bo of any uso. 


It would be necessary to employ powerful siege guns that might be 
transported in several parts on tho pattern of tho 2-5-inch Mountain gun, 
or such а gun as tho 6-inch B.L. gun of 89 cwt, might be employed. 


Chilled cast iron shields and armour on Griison’s construction is 
being much experimented.on in Europe, and it is found that tho most 
powerful guns in existence bave but littlo effect on it, 


Turrets and shiolds of this material can bo oasily constructed, for the 
latos or rather blocks used can bo cast, with little exponse for plant, 
in tho immediato neighborhood of the work boing built. 


These shields smash up the hurdost Palliser projectile, and the finest 
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steel forgings. Thoy are in section something like the section of а 
Palliser shell, no ordnance possible to omploy in the siege train would 
appoar to havo any offect on thom, 


OBSERVATION OF ТПЕ EFFECT OF FIRE. 
The offect of overy round must bo carefully noted. 
Exporience alone can afford reliable conclusions. 


Ports of observation must bo established and good teloscopos and 
field glasses used. 


Tho main point is to be able to see the objoct fired at, or to be ablo 
to noto circumstances that will enablo us to judgo of tho effect, although 
tho object is invisible. \ This applios especially to broaching whore though 
tho point of impact is invisiblo, the effect is easily ostimatod from tho 
appearances. 


The difficulty of observation increases with the ranges, In tho second 
artillery position, points of observation in tho immediate neighborhood of 
the battery will suffice, but in tho сазо of batterios in tho first artillory 
position outlying posts of observation, if possiblo in telophonio communi- 
cation with the battery, aro necessary, and evory shot must bo signalled 
from them to the battory. 


In the case of screened or concealed batterios, the posts: of observa- 
tion, when near, ought to be on the screon or crest of tho undulation 
concealing the battery, but slightly to tho flank, and bo thomselves caro- 
fully concealed, 


if these posts aro too much to s flank, а shot that falls short, but to 
the same flank, may seom of correct rango. and vice versa. 


When tho battery to be attacked is itself screoned, it is oxtromoly 
difficult to ascertain. what is being dono, though obsorvations may bo 
somotimes mado from tho flanks or ороп natural or artificially olovatod 
posts, the latter, however, would be opon to tho onemy's fire. | 


APPEARANCE OF BURSTING SIIELLS IN BREACHING FIRE, 


At any range at which breaching is likely to tako place the sholl from 
a howitzer is visible throughout its ontiro trajectory. 


The following appearancos aro observablo in breaching whon directed 
against а concesled wall, and indicate the point of impact :— 


1. Shell short on glacis; tho flash and tho oarth shot away on oithor 
pido are distinctly visible. and the work behind will bo soon partially con- 
coaled by tho smoke. 


2. Shell over—in earthen parapot; flash of burst faintly seon; 
much moro earth displaced than in first case, and the smoke will bo 
observed hanging in the crator for a considorablo timo, 
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3, Shell struck tho escarp high up; flash not soon (but refloction 
visiblo as smoke in dark) ; the smoke appears at once globular in form 
tho lower part alono boing hidden from viow; fragments of masonry 
thrown up, and а red or геу cloud of dust will bo usually observed from 
the brick or concrete. 


4. Shell struck escarp low down; flash not scen (excopt its refloction 
aftor dusk); smoke longor in appearing than in tho last case and socom, 
to be flattenod out against the wall; fragmonts of masonry and dust ag 
boforo. 


In firing at detached walls as a rulo tho appearances aro tho samo ag 
abovo, oxcept that thoso shells that pass through holes already mado аго 
apt to misload, as thoy strike tho carthon parapet and sooms to be ovor, 


CHAPTER V. 
MANUFACTURE OF STEEL. 


Tho stecl used in tho construction of ordnance is invariably that com. 
monly known as “ cast stool," In fact, according to the modern scientific 
nomenclature, it is only stool proper that is used, and not what may bo 
known in trade as “ steol.” 


** Steol " only differs from “ wrought iron” in structure and modo of 
manufacturo. 


Steel is obtained in various ways, by moro or less docarburotting 
east iron under such conditions as to obtain a melted product. 


The old method, which is still omployod for tho finer natures of stool, 
is a very roundabout one. The cast iron having most of its carbon burnt 
out in tho process of “ puddling " and boing formed into wrought iron had 
a certain amount replaced by the process of "cemoentation," prior to 
casting. 


This process, though producing tho most regular and porfoct steol, is 
a vory costly ono, and greatly kopt back its gonoral uso. 


For many years endeavours have boon mado to produco cast stool 
direct from tho oro or pig of cast iron, by arresting the process of burning 
out tho carbon at the proper moment, in placo of burning it practically 
all out and then roplacing a cortain amount, | 


The ''Bossemer" and “ Siomens-Martin” processes nro thoso in 
most general use, Krupp's process being somowhat similar to tho latter, 


The former of those especially bas turned out large quantities: of 
stoel of the greatest practical uso, but not of the highest grade. 


The various mothods are becoming improved continually and tho 
whole subjoct is becoming more thoroughly understood, so that groat 
strides are being made in tho production of cheap steol of excellent quality 
by those varions processes or modifications of thom, | 
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It may bo as well to give an outlino of tho various methods used first, 
by cementation and molting in crucibles giving “ Crucible stool." 


Wrought iron of good quality is made by puddling without provious 
rofining ; this is formed into bars, which aro formed into “ Blistor stool " 
by the process of “ cementation,” in a converting furnace, 


This furnace consists of two firebrick rectangular chosts, 16 x 8 x 8 
foot, placed alongsido each other in an arched chamber, and surmounted 
by a wide conical chimnoy. Ono long firo-placo of convoniont form heats 
both chests. 


In each chest the iron bars aro laid half an inch apart, and imbodded 
in eharcoal. 


The wholo is then plastered over with clay and Корё at a glowing rod 
heat for soven or ton days, according to whethor a “mild” or “hard” 
steol is required, which depends upon the amount of carbon absorbed and 
combined with tho iron, as much as 13 per cont. may bo added in this way: 
Tho iron, when it comes out, forms “ Blister* Steol" and was usod 
in this condition. It was, however, not homogoncous in structure, and 
was improved by tho process of boing broken, piled and welded under 
the hammer, forming what is known to tho trade as “ shear stool," though 
according to modern nomonclaturo, it is still “ wrought iron" or “ piled 
metal.’ 


To form this into true steel, it is broken up into longths of about 
6" and about 40 or 50 lbs. placed into fire-clay crucibles, which havo tight 
covers and are very carefully mado, a little flux is added and glass to 
form an air-tight cover, 


Those are heated in powerful furnacos, and tho molten contenta is 
poured in a rogular stroam into cast iron ingot moulds. 


Upon tho regularity of tho stroam depends, in a great monsuro, tho 
succoss of the operation. . 


The stool thus produced is tho fiuest mado, and at presont is tho only 
sort that can be used for high class соогу. 


Krupp's stool, which ів used to an enormous oxtont, is a modification 
of the abovo method, by which he doos away with tho procoss of cementa- 
tion, first, by employing а cast iron called * Spiogelessen,” which contains 
4 por cont. manganese and is peculiarly suited for tho construction of 

` stoel, and thon by a careful manipulation of tho puddling procoss. 


Tho puddling is performed at a lower temporature than for iron and 
under the most careful supervision, by which it is possible to arrost tho 
process at the required point м hen sufficiont carbon has boon burnt out. 


If the precess is continued too long, too much carbon goos and 
ordinary soft wrought iron is formed, 


* Old nomenclature. 
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It can hero be seon how confusing tho old nomenclature was, for iron 
at this part of the procoss forms a very hard imperfectly puddled wrough, 
iron, that has the property of becoming harder on being heated and sud. 
denly cooled in water, and would therefore have boen classed as “stool” 
though uncertain in strength and utterly unhomogenoeous in structure, 


When the proper point is reached, tho iron is withdrawn and worked 
under tho hammer into bars, which are again broken up and moltod ag 
above in crucibles, and it is chiefly on account of the wondorful organiza. 
tion and tho care exorcised in the various processes that Horr Krupp has 
such a great namo for his steel productions of all natures, Lt is the won. 
dorful uniformity of quality with which he manufactures this stool in 
huge masses which constitutos the superiority of his productions, 


We will next consider tho “ Bessomer " process; in this tho stool is 
produced directly from cast iron by blowing air through it in а molton 
state in а converting vessel, His first idea was to use this process for tho 
mechanical wanufacture of wrought iron to supersede tho oxponsive and 
very trying process of puddling, but he has hithorto failed in producing 
serviceable wrought iron by his process, 


Ho thought that by stopping the process at various points he would 
get the various qualities of “ steely irons” or so-called steola, and when all 
the carbon was gone, ho would have wrought iron. 


It is only with tho vory bost charcoal iron (and possibly with “ spiegel. 
essen ") that his first idea succoods, 


In practice the whole of the carbon and silicon is oxidized and thon а 
definite quantity of carbon is added according to tho nature of tho 
roquirod steol. 


This is dono by ndding to tho molten iron, when in tho purest stato 
(practically liquid bar iron) a dofinito quantity of liquid “ spiegelessen " 
which has a known chemical composition, and thus the necossary quantity 
of carbon, also a proportion of manganese is added, the latter probably 
improving tho quality. 


Tho operation is carried on in a converter or “Кое,” ав it is called, 
it is а large, nearly cylindrical vessel of wrought iron lined with firo clay, 
and suspended on trunnions; its capacity varies from 3 to 10 tons, 


In the bottom thero aro воуоп “ tuydres” or blow holos, $ inch in 
diamoter, tbrough which air is blown at a pressure of from 15 to 20 pounds 
per square inch. . 


Tho ігор is run іп in а molton state from a cupola or roverberator 
furnace, and from the first is resting on a mass of air which rushos throug 
it from the tuydros, 


This air supplies oxygon to burn out tho carbon, &е., which it does in 
about 15 minutes, and the ** converter ” is lowered to а horizontal position 
and from 5 to 10 por cent. molten spiegelessen is run in, whica restores the 
proper amount of carbon to give tho proper qualitios to tho steol, 
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It is up onded again and air blowa through for a fow minutos to secure 
its thorough incorporation, and the stool is then run into ingot-moulds, 
Steel made in this way is not sufficiontly dense, and tho blocks before 
pocoming cool aro placed undor hammers, and are afterwards rolled into 
rails, tires, plates, &o., &c., but still the stool is not good enough for tools or 


отоп for the springs of railway waggons. 


It is a vory cheap process and an enormous quantity is used, the stool 
boing infinitoly bettor for most purposes than soft wrought iron, 


Tho bulk of steel rails are made this way, опо will last 20 wrought 
iroun ones. 


Tho noxt well known process is tho “ Siomons-Martin " process, 
which consists in melting pig iron along with malleable iron and Bessemor 
stool scrap; about 7 per cent, Spiegelesson being added towards the ond of 
the process. The operation is carried on in tho Siemens rogenorative 
furnace, and tho product is run into moulds, Tho furnace is а vory 
ingovious one, but too long 10 describe. A modification of this plan is 
used in the Royal Arsonal as described in Morgan's hand-book. 


Thoro aro various other processes and modifications of ‘tho foregoing 
in use, and improvements are being made every day in tho old ones, but 
tho product has the same gonoral properties, it is homogonoous in struc- 
ture and free from flaws or intormixed impurities. 


Tho chiof defoct ie that it is apt to contain air holes, and attempts 
have been made to got rid of theso and other unaccountable irregularitios 
of action, especially in “high ” steels by casting under prossure. 


A definite grain or fibre can be given stool by hammering or rolling 
it, and its strength along tho fibre is greatly increased. 


Stoel can be more or less “ tempered” by being first heated to rodnoss 
and plunged into water, The more carbon it contains tho harder it 
becomes, The degreo of hardness depending on the quality of the steel, the 
nature of the medium in which it is cooled, and also upon the degree of hoat 
imparted to tho mass before hand. Thus the stool barrels for our guns 
are heated to betweon a low red and a high heat according to thoir quality 
which is found by actual trial in the testing machino, and by being cooled 
in oil they aro considerably toughened, if they were plunged in wator thoy 
would be harder but oxtromoly brittle. 


Modern steel, sem in structure and free from flaws and impuritios, 
is a very different substance from the old stylo of “ stool” that except in 
small quantities was vory uncertain in its notion and охропвіуо to manu- 
facturo, and only different from wrought iron in boing Aarder. 


We now have two definito parallel sories of iron alloyed with carbon: 
Tho “irons” andthe “steels” which are chomically identical. This 
distinction has long been mado undor another form by workmen who 
class the products of iron as “ piled metal" or wrought iron and ingot 


metal or steel. 
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Wo can have stool according to the new ideas as soft as any wrought 
iron, but immensely superior in its proporties and produced at а com, 
paratively low cost. 


This form of the metal has replaced wrought iron for guns and jg 
received with favour even by Palliser. 


CASTING SHELLS FOR RIFLED ORDNANCE, 


Common shell aro cast baso downwards in an iron mould lined with 
sand and a little coal dust mixed. 


Tho mould is mado in two parts, tho lower boing merely a flat sur. 
faco on which tho upper portion rests, and the upper part, or body, which 
is a little longer than the shell. 


An exact model of the sholl is prepared, leaving an allowance for а 
small dead head at tho fuzo holo; it is oiled and sprinkled with black lead 
to provent tho sand of the mould adhering to it, 


It is placed in position in the iron jacket, and sand and coal dust is 
rammed all around it, a channel is made down one sido communicating 
with the baso and widoned at the top so that the molten iron flows to the 
bottom first, in a continuous and uninterrupted stream. Suspended in its 
proper position in the mould is the core, which is prepared as follows : 


A core spindle of cast iron is dii lc by а rest in tho axis of an 
iron core-box of tho required shape. ‘This can bo opened or closed on the 
spindle, Small pieces of wood аго placed in holes passing through the 
spindle, to prevent tho core from being forced up the spindle by the 
molten iron as it rises. 


A mixture of sand and coal dust is now rammed in, Tho gas gener. 
ated by the conl dust prevents tho iron ontoring tho interstices botween 
tho particles of the sand. When fuil the box is oponed and thv coro taken 
out, dipped in boer dregs and baked in hot air for about twelve hours. It 
thon has a fine emooth surface. 


The core spindlo is hollow and perforated to allow tho gas to escape 
from tho core when it bocomes hented. To proserve tho hollow for tho 
ze hole the core spindlo is covered with composition for the required 

istance. 


The moulding box is piorced with a number of small holes to allow 
gas to escape, 

The iron is molted in an iron cupola furnace. It is important that 
the channel through which tho iron is poured should be larger at tho top 
than bottom, so that thore may always bo plonty to soppy shrinkage in 
cooling, and that too much may not run in at once and damage the core, 


For this latter reason the hole isso arranged that the iron may rise 
evenly round the core and not displace it. 


Tho shol! is allowed to remain till it is воб, itis then turned out and 
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the runner knocked off, It is now allowed to cool for twenty-four hours, 
when tho spindle is takon out and tho now brittle core removod and tho 
ghell cleaned, 


All common shell in future will bo cast to finishod dimonsions. This 
ig oasily done with а little caro, so that tho hard outsido skin is not ro- 
moved by turning. 


Tho fuzo hole is tapped and bush whon nocessary insorted, 


The shell is lacquered insido with red lacquor. If for a Woolwich 

п tho holes for studs аго bored and undercut, and tho studs of gun 

motal in most cases are forced in by hydraulic pressure, Somo aro of 
brass and some of pure copper. 


Tho position of the holes are made to correspond with tho rifling of 
the individual gun, and great caro is necessary to plano tho studs to pass 
down tho groove of a gun with increasing twist. Tho projoctilo is thon 
prepared for a gas chock and painted. 


If tho shell is for a B. L, gun tho groovo for tho driving ring is cut 
and the ring pressed in. 


PALLISER SHOT, 


Thero was but little differorco betwoon Pallisor shot and tholl, aud 
tho latter are no longer made. Tho shell had a larger cavity than tho 
shot, but wero found too woak for strong armour, 


The best mottled iron is used and is vory carefully sclocted, so that 
whon cast in “ chill” it becomes intensely hard, 


The peculiarity of these projectiles is thoir intonso hardness, ,and tho 
fact that they have no fuze hole in thoir head, | nr - 
IA 3.5, 
The iron used is of a harder dosoription than tha£-d&cd- for common 
shells, se DX 


The shot is cast point downwards to ensuro tho hoad Doing ‘sound and 
dense. A1 


) nee 


The mould is so arranged that tho hoad is cast in “chill,” that is in 
iron, which quickly conducts away the heat and chills the motal ronder- 
ing it intensely hard. 


Tho body part is cast in sand and is thorofore cooled slowly and doos 
not become во hard as tho head. Tho mould is made in two portions, the 
lower one is shaped somewhat liko a mortar and is supported on trunnions, 
tho uppor portion fits on to it. 


Tho lower portion or chill is made in two portions the “chill” of 
considerable thickness and tho “ lining,” tho lining is thin and can bo 
replaced if worn. 


The uppor part is largo enough to have sand rammed botweon tho 
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iron caso and tho modol of the baso part of the shot or shell, Tho coro jg 
made of the samo materials as beforo, but іп a different shaped box. 


It has fixed to it a tinned wrought iron brush arranged во as to como 
in its proper place in tho shell to enablo a hole to be tapped for base plug 
for gas check, 


The motal is so hard evon when not chilled that this is necessary, 


Small cores of usual composition are inserted in the mould to pre. 
serve holes of propor form for tho studs whon required, 


Steel pointed pins also aro inserted in the head part to form tho 
extractor holes for В. М. L. projectilos. In casting these projectilos the 
iron is allowed to flow directly into tho cavity to form the shell. Those 
projectilos are cust now to gaugo having bands on them to full sizo, 


The core is scratched out and the sholl lacquered bofore it is cool, 


When turned out of tho mould they are covered with dry sand and 
allowed to cool slowly for 12 hours or more according to size, this anneals 
them and makes them loss brittle. 


An under eutgrdove is сиё гоп the wrought iron plug and a ring 
of lead hammorod. in to broak joint and prevent fire ontoríng. 


From these projostiles being cast base up, they have to bo vory care. 
fully examined for-flaws or soft placos in tho base. 


Thoy ard pe all over with a pointed hammer, All natures of shot 
and shell are carefully’ gauged and examined. 


STEEL PROJECTILES, 


Cast iron being weaker than stecl, the walls of shrapnel shells had 
to be made very thick, and in consequence, especially in tho small sizes, 
thero was but little room for bullots. 


Palliser projectiles aro found to break up on impact with heavy steel 
‚ armour, апа it is necessary to obtain somethiug stronger. Forged steol 
cap have boon experimented with in our service and have beon 
argoly adopted on tho continont, ] 


Steel bodied shrapnel are also made of different forms, some with 
bodies cast, others from drawn tubes, 


